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Overview

Introduction

Watershed analysisis a procedure used to characterize the
human, aquatic, riparian, and terrestrial features, conditions,

processes, and interactions (collectively referred to as
“ecosystem elements’) within a watershed. It provides a
systematic way to understand and organize ecosystem

information. In so doing, watershed analysis enhances our

ability to estimate direct, indirect, and cumulative effects of

our management activities and guide the general type,

location, and sequence of appropriate management
activities within a watershed.

By memorandum dated August 28, 1995, Section | of
Ecosystem Analysis at the Watershed Scale Federal
Guide for Watershed Analysis (Federal Guide) was
transmitted to Federal agency field managers and
supervisors to guide new watershed analyses initiated
within the area covered by the Northwest Forest Plan
(NFP). Section | of the Federal Guide provides an
overview of the analysis process and related
considerations, including detailed descriptions of the six
steps for conducting ecosystem analysis at the watershed
scale. The six steps lead investigators through a series of
guestions to characterize the watershed, focus the analysis
on essential issues, describe and understand current and
historical conditions and processes, interpret the results,
and develop recommendations for subsequent action by
responsible officials.

This document represents the first installment of Section |1
of the Federal Guide, Anaysis Methods and Techniques.
Section |l is atechnical supplement to Section |, providing
a “tool box” of optiona anaytical methods and techniques
to address core topics and questions, as well as other
pertinent issues identified by watershed analysis teams.
The goas of Section Il are to meet NFP goals, ensure
scientific credibility, provide “ methods and techniques,” and
provide for cooperation and coordination with other
watershed analysis processes.

Section 1l is not a comprehensive set of methods and
techniques for addressing all core topics or other aspects
of watershed analysis. Analysis teams are encouraged to
use any standard analysis methods and techniques that are
widely accepted by local resource specidists and that are
appropriate to anayze issues in their watersheds. Modules
from other andysis processes (e.g., Washington DNR’s
process) may have utility and can be used if appropriate.

As existing analysis methods and techniques are revised or
new ones developed in the future, they will be issued as
subsequent installments to this initial set.

Levels of Analysis

Many of the methods and techniques include multiple levels
of analysis, referred to as Leve |, Leve I, and, in some
cases, Level Ill. Level | methods generally represent
preliminary assessment procedures that may be
appropriate for watershed characterization (step 1 in the
andysis process) or cases where the issues in the
watershed (identified in step 2 of the analysis process)
require only a cursory assessment of the topic. Levels Il
and Il methods generdly represent more detailed
assessment procedures that may be appropriate for steps
3,4, 5, or 6 of the analysis process or when issues require
a more thorough assessment of the topic.

Teams planning to conduct watershed analysis should first
review both Sections | and Il of this Federal Guide. The
process is intended to be flexible and adaptable but ill
follow a consistent overal approach. Teams can be most
efficient by developing an understanding of the entire six-
step process, anticipating information and analysis needs,
and planning for ways to synthesize the analysis at each
step along the way.

Analysis Methods
and Techniques

The following anaysis methods and techniques are
organized by the core topics they address. For example,
the methods and techniques for analyzing landdides, debris
flows, bank erosion, gully erosion, and sediment yield are
grouped under the heading “Erosion Processes.” Methods
and techniques that do not directly address core topics are
included under the heading “ Other Topics.”

All of the methods and techniques generally follow a
similar format. The purpose statement describes the intent
and limitations of the analysis method. It may reference
specific core questions or analysis steps addressed by the
method. Assumptions considered by the authors of the
method are described. Data needs to perform the method
are defined. Expected products that would result from the
method are listed. Step-by-step procedures are described.
Findly, references used in the development of the
procedure are listed.
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Erosion Processes




Landslides

Level |

Prior to detailed evauation of specific landdide types
(debris flows and deep-seated landdides), a generd
assessment of landdide occurrence is required for the
andyss area that incdludes consideration of dl forms of
mass wading. The following quditative evaugion
example gpplies to this module and to the Debris Flows
module.

Purpose

The following methods and techniques can be used to
characterize and assess the current conditions and trends
of erosion processes related to landdides in the watershed
by lithologic unit, landform type, and slope position. The
relaive probability of landdide occurrence for the analysis
area is rated using a low to high or extreme scale. The
influences and relationships between landslide processes
and other ecosystem processes are evauaed by
estimating sediment delivery to streams by landdide type
and dlope position relative to streams.

Data Needs
1. Topographic maps (1:62,500).
2. Recent aerial photography (1:24,000 or 1:12,000).

3. Geologic map(s) (1:500,000 to 1:100,000). Define rock
types according to specific physical characteristics; not
just geologic/formation name.

Note: The State Geology Map is not at a scale that
can be used for detalled watershed assessment.
Generdly, more detailed mapping is needed to do an
adequate analysis of slope stahility at the larger scales.
Where rock structure or orientation is critica to
understanding the effects of natural landdide
occurrence and management activities on dope
stability, a structural geology layer should also be
included in the Data Needs assessment prior to
analysis.

4. Exigting landslide inventory maps, descriptive reports,
or analyses, if any.

5. Exigting analyses of groundwater/wells/aquifers in the
watershed.

Products

1. A 1.:62,500 scale map displaying areas of equivalent
landslide occurrence potmst?al as afunction oﬁ]lthology
and slope angle.

2. Tabulations of the approximate number of occurrences
of each landdide type by lithology, slope class, slope
Ioosition (upper, middle, or lower third of the slope),
andform, and land-use activity.

3. Brief narrative descriptions of landdide sizes and types,
distributions, and associations.

4. Bridf narrative description of sediment dedivery
potential.

Procedure

1. Scan any existing landdide reports and/or inventory
maps of the area for information about types and
patterns of mass movement.

2. Using geologic maps at 1:100,000 to 1:500,000 scale,
identify the major lithologic units for the anaysis
watershed. According to the generalized grain-size,
durability, and jointing and fracture patterns for each
unit, assiPn one of the following terms indicating
susceptibility to mechanical and chemical processes:
resistant, intermediate, weak, or unconsolidated.

3. Scan agria photographs (1:12,000 or 1:24,000 scale) of
representative areas in each lithology. Observe and
record the association of landslides with typical
landforms or geologic structure, typical landslide
type(s) (shalow-rapid or deep-seated), relative number
of landdide occurrences, dide locations relative to
Bosition on the dope or landform. Note associations

etween type of land-use and slides where present.
Estimate minimum, maximum, and average sizes of
landslides for each lithology and slide type.

4, Tdk to geomorphologists and road maintenance
ersonnel working in the area to get their view of
anddide distribution in the area, their causes, and the
types of storms and antecedent conditions that
generate them.

5. Review dl records of groundwater studies or site
specific investigations made in unstable terrain.

6. Obtain or develop a slope zone map for the area; use
slope classes pertinent to increased incidence of slope
failure where that information is available. Otherwise,
the following slope classes may be used: 0-30%, 31-
50%, 51-70%, and greater than 70%.

7. Rate the relative landdide potential of each slope class
for eachlithologic unit, according to the following rating
matrix:

Relative Landslide Potential Matrix

Slope Class Intermediat Weak

s s Resistant A Uncongolidate
<30% Low Low Low Low
30-50% Low Moderate | Moderatel Moderate
51-70% | Moderate | Moderate High High

>70% Mod-High High Extreme Extreme

NOTE: Modify the ratings as necessary to reflect field
conditions observed during aerial photo interpretation.

While the criteria for high, medium, and low do not have
to be consistent across the Region, they should be
consistent within broad geomorphic areas where geology,
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climate, slope morphology, and soils are similar. Definitions
of relaive landdide occurrence must be developed
cooperatively with other agencies and Forests  invalved in
watershed analysis on similar terrain.

8. Digplay landdide potentid ratings on 1:62,500 scae
maps by lithologic unit. Estimate percentages of the
andyss watershed's areain each rating class.

9. Edimate landdide sediment ddivery to streams (in
terms of percent failed materid ddivered) based on
patterns of didelocations relaiveto streams. Tabulate
the information according to lithologic units,
subdrainages, or other associations that appear.

M echanistic Modeling

Models that estimate probability of landslide
occurrence, such as LISA, may be helpful in the
evauationsif they are aready calibrated for the area, if
analysts are experienced in the model's use, and if the
data required can be generated within the timeframe of
the Watershed Analysis. Such models can be useful

for defining stratification criteriaand screening for
slope stability, and integrating their use with field- and
aerial-photo-based analyses can refine results of both
approaches. GRID and TIN modules available in
ARC/INFO provide the capability to electronically
generate dope configuration needed to determine
groundwater ﬂroperti&s aswell as sediment delivery. In
watersheds where data for modeling are absent, eacl
Forest should work to develop the data so LISA and
other models can be calibrated. The results of the
modeling and calibration can be used later in the
analysis process to improve project level assessments.
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Level
Purpose

The following methods and techniques can be used for a
more detailed assessment of landslide processes and their
influence on sediment delivery. This is accomplished by
estimating the spatial and temporal frequency of landdide
types and sediment production from landdides in different
parts of the watershed.

Assumption

"Landdide’ as defined here, includes al hillsope failures
such as slumps, earth flows, block failures, and rockfall.
Debris flows are considered in another module. Surface
erosion and gully erosion are also considered in other
modules.

Data Needs

In addition to data needs listed in the Level | section:
1. Topographic maps.

2. Vegetation map.

3. Rainfdl map.

4. Land-use map.

Products

1. A tabulation of landdide characteristics by landdide
type within each dratification unit, including sze,
incidences per unit area (sampled average and range),
sediment delivery category, and association with
topography, land use, vegetation, and cause. Note that
the landdlide incidence is not a rate, since ages of the
dides are not known. Instead, it is an index of landdide
susceptibility.

2. A discussonofthedidribution, intendty, and cause of
landdides in each stratum and their association with
land-use activities.

3. A map (1:24,000) of the landdide dratification units
that shows rdative vaues (high, medium, low) of
sediment production to streams from landdiding.
While the criteria for high, medium, and low do not
have to be consstent across the Region, they should
be consgtent within broad geomorphic areas where
geology, dimate, sope morphology, and soils are
gmilar. Definitions of rdative sediment production
must be developed cooperatively withother agencies
and Forests involved in watershed anadysis on similar
terrain.
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4. A tabulation of landdide characterigtics by landdide
type and land use within each dratification unit,
induding size, sediment delivery category, and
association with topography, vegetation, and cause.

5. A tabulation of landdide rates by landdide type and
land use within each dratificationunit, induding annua
incidences per unit area, annua volume of sediment
mobilized per unt area, and anud vdume of
sediment delivered per unit area of the land use.
Results will be good to wel within an order of
magnitude, and are likely to be vaid to plus or minus
50%.

Procedure

1. Carry out aLevel | evaluation, as described earlier.

2. Randomly select areas within each stratification unit
for magpping of landdides from aerid photographs. It
IS useful to select at least three Stes within each
stratum for mapping so that the congistency of results
can be assessed within a sratum. A "Ste' is usudlg
the area depicted on an agrid photograph, dthoug
entire subwatersheds may be sampled, or specified
lengths of road. The type of sampling ste used
depends on the types, digtribution patterns, and
number of landdides present, and is selected to best
represent that information.

3. For each catdoged landdide, tabulate Size (to order
of magnitude: <10 n¥, 10-100 n?, 100-1000 n¥,
>1000 n?; this is easiest if a template is drawn on
acetate that shows the cut-off szesfor each class at
the scale of the photosbeing used. Other Sze classes
or morefindy divided classes may be used if they are
more relevant to the types of [anddides present),
sedimet ddivery category (high, medium, low),
topographic postion (e.g., swae, planar dope, inner
?orge), asociation with land use (e.g., clearcut, road
ill, grazing), vegetation type (e.g., forest, grasdand,
oung second-gowth conifer), arent e
{obvr}gously reoen%:I 0-10 years, fr)esh as%%rs, recsr?t-
historic: 10-50 years, distinct successional vegetation;
older: mature revegetation), and perceived cause if
evident (e.g., undercutting, road drainage).

4. Measure or estimate the area of each land-use tyﬁe
and vegetation type in each sampled area, and the
length of road present. If this information is not
avalablefromaGI S, linear features can be measured
usng methods such as those presented by Mark
(1974), and areas by udng point counts (Van der
Plasand Tobi 1965).

5. Landdides portrayed on exiging landdide maps can
be tabulated by stratum in a Smilar fashion where
appropriate data are available.

6.

10.

11.

12.

Compare results for each of the samples within a
gratum. If they agree rdaively well (i.e., patterns of
digributionare amilar and frequenciesagreeto within
an order of magnitude), then the sratum isrdaively
well characterized. If results vary widdy and some
frequencies are high, then additiona photos from the
gratum should be scanned to determine whether the
stratum should be subdivided further to better reflect
controlling variables, or whether alarger sample setis
required to characterize the stratum. If landdide
frequencies in the stratum are variable but low, no
further work is necessary. "High" and "low" are
relative to valuesin other dtretification units.

Estimate the minimum Sze of recognizable landdides
of each type in each of the stratification units or land-
uselvegetation categories.

Use the tabulated results to describe the association
of landdides of various types with land-use activities
or vegetation in each of the strata, and note the
resolution. Factor inexisting map data or knowledge
about landdide types that could not be effectively
andyzed at this intengty of andyds (e.g., smdl
stream-bank failures) and their probable contribution
of sediment to the fluvid sysem; comment on the
likelihood of small, undetected, sediment-producing
dides. Congder the effects of landdides on
groundwater transmisson and locd wels. Aquifer
protection may be criticaly important in some
watersheds.

Map landdidedistribution on sequential photo setsin
the previoudy sampled areas, and note the type and
gze of each landdide. Tabulate age category (years
gnce the landdide occurred; use the midpoint of the
interva betweenthe last photo that does not show the
dide and the firg that does). If land use is rddivey
stable and no extreme storms or prolonged droughts
have occurred within the period, two photo sets

ning a 15-year period may be sufficient. If there
ﬁ;gg)egng an ext>r/emepa meati cag/ent, photosshould be
selected to closaly bracket the event, and this period
should be evauated independently.

Measure the area of each land-use type and
vegetation type for each date sampled, and the
length of road present. Linear features can be
messured usng methods such as those
presented by Mark 1974, and areas by using
point counts (Van der Plas and Tobi 1965).

Examine dimatic records to identify the major
sormsin each photo interval.

Randomly sdlect for fidd vigts about five
examples of each important landdide class,
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meking sure that each important sratification unit is
wel represented. Inaccessble examples can be
repleaged by smilar accessible ones, but this must be
noted.

13. At each fidld gte, estimate the average depth of
the landdide (plus or minus 25%), the area of
the scar (plus or minus 25%), and the volume of
sediment remaining instorage on the dope (plus
or minus 25%). Look for evidence of the cause
of falure.

14. Characterize |landdide types by average volume
and ddlivery ratio for different Stratificationunits.
A gi]eomaric average will be moreuseful thanan
aithmetic one if volumes are distributed log-
normally.

15. For landdides not associated withlinear festures
such as channel banks or roads, caculate
landdide ddivery per unit area of the associated
land type (eg. lad-use or vegetation
subcategory), and divide by the sampled intervd
duration to caculate average input per year. If
the area of the land type (e.g., clearcut areq)
changed between photo sets, use the average
vaue.

16. For landdides associated with linear features,
cdculateinput rate per unit length of the festure.

17. Tabulate average annud input per unit areafor
each land use in each dratification unit by
multiplying the average rate by ether the
proportion of the stratuminthat land category or
the length of linear features per unit area of the
stratum. This shows the overal importance of
sediment productionfrom each land-use type in
the stratum.

18. Edimatethe sze and shape of sediment particles
that are likdy to result from dides and channe
scour for each soil/geologic component of the
watershed. Determine potentia for deposition of
those sediments throughout the stream system.

Link to Project Level Analysis

Increased knowledge of specific portions of a watershed
analysis area will occur as projects, such as restoration
and vegetation management are implemented. The
conclusions developed in the preliminary and detailed
phases of watershed andysis as outlined in this Federal
Guide must be reassessed in light of that new information.
All facets of watershed condition, and protection and
restoration needs are open for discussion and change
during project investigation and analysis.
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Debris Flows

Level |

Prior to detailed evaluation of specific landslide types
(debris flows and deep-seated landdides), a generd
assessment of landslide occurrence is required for the
analysis area that includes consideration of all forms of
mass wasting. The _foIIowinP quditative assessment
example applies to this module and to the Landdides
module.

Purpose

The following methods and techniques can be used to
characterize and assess the current conditions and trends
of erosion processes related to debris flows in the
watershed by lithologic unit, landform type, and slope
position. The relative probability of debris flow
occurrence for the analysis area is rated using a Low to
High or Extreme scale. The influences and relationships
between debris flow processes and other ecosystem
processes is evaluated by estimating sediment delivery to
streams by debris flow type and slope position relative to
streams.

Data Needs
1. Topographic maps (1:62,500).
2. Recent aerial photography (1:24,000 or 1:12,000).

3. Geologic map(s) (1:500,000 to 1:100,000). Define
rock types according to specific physica
characterigtics; not just geologic/formation name.

NOTE: The State Geology Map is not at a scale that can be
used for detailed watershed assessment. Generaly, more
detailed mapping is needed to do an adequate analysis of
slope stability at the larger scales. Where rock structure or
orientation is critica to understanding the effects of natural
landdlide occurrence and management activities on slope
stability, a structural geology layer should also be included
in the Data Needs assessment prior to analysis.

4. Exidinglanddideinventory maps, descriptivereports,
or analyses, if any.

5. Exiging andysesof groundwater/wellsaquifersinthe
watershed.

Products

1. A 1:62,500 scae map displaying aress of equivaent
landdide occurrence potentid as a function of
lithology and dope angle.

2. Tabulations of the approximate number of
occurrences of eachlanddidetype by lithology, slope
class, dope position (upper, middle, or lower third of
the dope), landform, and land-use activity.

3. Brief nardive descriptions of landdide sizes and

types, distributions, and associations.

4. Brigf naraive description of sediment ddivery
potentid.

Procedure

1. Scan any exiding landdide reports and/or inventory

maps of the area for information about types and
patterns of mass movement.

2. Udng geologic maps at 1:100,000 to 1:500,000
scale, identify the mgjor lithologic unitsfor the andyds
watershed. According to the generdized grain-size,
durability, and jointing and fracture patterns for each
unit, asagn one of the following terms indicating
susceptibility to mechanical and chemical processes:
resstant, intermediate, weak, or unconsolidated.

3. Scanaerid photographs (1:12,0000r 1:24,000scae)
of representetive areasineach lithology. Observeand
record the association of landdides with typica
landforms or geologic structure, typicd landdide
type(s) (shdlow-rgpid or deep-seated), rdative
number of landdide occurrences, dide locations
relative to pogtion on the dope or landform. Note
associations between types of land use and dides
where present. Edimate minimum, maximum, and
average Szesof landdidesfor eachlithology and dide

type.

4. Tdk to geomorphologists and road maintenance
personnel working in the area to get their view of
landdide digribution in the area, their causes, and the
types of sorms and antecedent conditions that
generate them.

5. Review dl records of groundwater studies or site
specific investigations made in unstable terrain.

6. Obtainor develop a dope zone map for the area; use
dope classes pertinent to increased incidences of
dope falure where that information is available.
Otherwise, the following dope classes may be used:
0-30%, 31-50%, 51-70%, and greater than 70%.

7. Rate the reative landdide potential of each dope class
for eachlithologic unit, according to the following rating
matrix:
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Relative Landslide Potential Matrix

SlopeClass/ Resistant | Intermediate Weak Unconjolidate
Rock Type
<30% Low Low Low Low
30-50% Low Moderate Moderate Moderate
51-70% Moderate Moderate High High
>70% Mod.-High High Extreme Extreme

NOTE: Modify the ratings as necessary to reflect field
conditions observed during aerial photo interpretation.

While the criteria for high, medium, and low do not
have to be consistent across the Region, they should be
consistent within broad geomorphic areas where
geology, climate, slope morphology, and soils are
smilar. Definitions of relaive landslide occurrence
must be developed cooperatively with other agencies
and Forests involved in watershed andysis on similar
terrain.

. Digdlay Landdide Potential Ratings on 1:62,500
scale mapsby lithologic unit. Estimate percentages of
the analyss watershed's areain each rating class.

. Edimate landdide sediment ddivery to streams (in
terms of percent faled materia ddivered) based on
patterns of dide locations relative to streams.
Tabulate the information according to lithologic units,
subdrainages, or other associations that appesr.

M echanistic M odeling

Models that estimate probability of landslide
occurrence, such as LISA, may be helpful in the
assessments if they are already calibrated for the area,
if analysts are experienced in the model's use, and if the
data required can be generated within the timeframe of
the watershed analysis. Such models can be useful for
defining stratification criteria and screening for slope
stability, and integrating their use with field- and aerial-
photo-based analyses can refine results of both
approaches. GRID and TIN modules available in
ARC/INFO provide the capability to electronically
generate slope configuration needed to determine
groundwater properties, as well as sediment delivery.
In watersheds where data for modeling are absent,

each Forest should work to develop the dataso LISA
and other models can be calibrated. The results of the
modeling and calibration can be used later in the
analysis process to improve project level assessments.
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Level Il

"Debris Flow" includes dl shallow, planar dides such as
debris dlides, debris avalanches, and debris torrents. Other
deep-seated landdides such as slumps, earth flows, block
failures, and rockfall are considered in another module.
Surface erosion and gully erosion are also considered in
other modules.

Purpose

The following methods and techniques can be used for a
more detailed assessment of debris flow processes and
their influence on sediment delivery. This is accomplished
by estimating debris flow frequency as a function of land
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use type, storm size, or other relevant variables and
estimating sediment production from debris flows in
different parts of the watershed.

Assumption

Aeriad photos can be used to estimate debris flow
frequencies and field measurements to estimate sediment
production from debris flows in each stratification unit.

Data Needs
1. Topographic maps (1:24,000).

2. Recent set of aeria photos (Idedl: 1:12,000 color or
fase-color IR).

3. Ealier setsof aeria photos for the sample Sites.

4. Geologic map. Define rock types according to
specific  physical characteristics, not just
geologic/formation name.

Note: The State Geology Map is not at a scale that can be
used for detailed watershed assessment. Generally, more
detailed mapping is needed to do an adequate analysis of
slope stability a the larger scales. Where rock structure or
orientation is critical to understanding the effects of natural
landdlide occurrence and management activities on slope
stabilig, a structural geology layer should also be included
in the Data Needs assessment prior to analysis.

V egetation map.
Ranfdl map.
Land-use map.

Maps of landdide digribution, if avalable.

© © N o O

Any exiding andyses of landdiding in the area.

10. Precipitation records for period with aerid
photographic coverage.

Products

1. A tabulationof debrisflow characterigticswithineach
dratificationunit, induding Sze, rdaivefrequency for
the period sampled, and associationwithtopography,
land use, vegetation, and cause.

2. If andysis showed are ationbetweenflowlengthand
confluence geometry, indicate the portions of the
watershedthat are particularly likdy togeneratelarge
debris flows (Benda and Dunne 198). A map
(1:24,000) of dratification units used to characterize
debris flows and the location of the mapped debris
flows, color-coded by photo intervd. Units can be
portrayed as having high, medium, and low debris
flow rates. While the criteriafor high, medium, and

low do not have to be consistent across the Region,
they should be consstent within broad geomorphic
areas where geology, dimate, sIoPemor ogy, and
ils are gmilar. Defintions of reative landdide
occurrence must be developed cooperatively with
other agencies and Forests involved in watershed
analysis on similar terrain.

3. A tabulationof debris flow characterigticsby land use
within each dratification unit, induding sze,
frequency, primary eroson, secondary erosion, and
association with topography, vegetation, and cause.

4. A graphof flow fre_?pen_cy versus sorm size for the
most important stratification units.

5. A discusson of debris flow digtribution and cause.

6. The datacould aso be used to evduate the timing of
debris flowsinreationto timing of road congtruction

or logging.
Procedure

1. Cary out a Level | assessment to evaluate debris
flow distribution.

2. Deébris flows are usudly uncommon and evident
enough after amgjor stormthat thar digtributionover
anentire watershed can be quickly mapped. If there
are too to conveniently map the entire

pulation, select random areas within each sratum
or sampling.

3. Map and number the debris flowsinthe sample area.

4. For each cataloged debris flow, tabulate the length,
topographic setting of the source dide (e.g., swale,
planar dope, inner gorge), association with land use
(e.g., clearcut, road fill, grazing), topographic setting
of the termind deposit (right-angle contluence, acute-

angle confluence, mid-reach), and perceived cause,

if evident (e.g., undercutting, road drainage).

5. Measure the area of each land-use type and
vegetation typein each sampled areg, and the length
of road present. If this information is not available
froma GIS, linear features can be measured usin
methods suchasthat presented by Mark (19743,
argegs)by usng point counts (Van der Plas and Tobi
1965).

6. Debris flows portrayed on exiding landdide maps
canbetabulated by sratuminasmilar fashionwhere
appropriate data are available.

7. Usethetabulated results to describe the association
of landdides of various types with land-use activities
or vegetation in each of the sirata.
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10.

11.

12.

13.

14.

15.

Use the tabulated results to test whether debris flow
length in the areaiis determined by the geometry of
confluences, as described by Benda and Dunne
(198). Map debris flow distribution on sequential
photo sets in the previoudy sampled areas, and note
the Sze of each. Tabulate age category (ﬁeers since
the flow occurred; use the midpoint of the interval
betweenthe last photo that does not show the debris
flow and the firg that does).

Measure the area of each lad-use type and
vegetationtype for each date sampled, and the length
of road present. Linear features can be measured
usng methods such asthat presented by Mark 1974,
and areas by usng point counts (Van der Plas and
Tobi 1965).

Examine dimdic records to identify the major
sormsin each photo interval.

Randomly sdlect for fidd vigts about 10 percent
debris flows, making sure that each important
dratification unit is well represented. Inaccessible
examples can be replaced by amilar accessible
ones, but this must be noted.

At each fidd dte, estimate the volume of the
triggering landdide (plus or minus 25%), the volume
ofsedirrflentscourbI Ig;)mthemann?](plLlsoL&"ims
25%; oftenpossible by comparing the morphology
of neighboring, unscoured channds), the depth of
colluvium removed from channd banks, and the
volume of sediment deposited dongthechannel and
in the termina debris fan (plus or minus 25%).
Egtimate the 9ze and shape of sediment particles
that arelikdytoresult fromdidesand channel scour
for each soil/geologic component of the watershed.
Determine potential for deposition of those
sediments throughout the stream system. Look for
evidence of the cause of falure.

Cdculate the primary erosion (origind dide scar
plus collwium removed from channd banks),
secondary erosion (volume of channd deposits
removed), and volume redeposited for each flow
observed in the fidd. Re%eﬁs each parameter
againg the debris flow length.

For debris flows not associated withlinear festures
such as channd banks or roads, calculate primary
debris flow erosion per unit area of the associated
landtype (e.%, land-useor vegetationsubcategory),
and divide the sampled intervd duration to
caculae average input per year. If the area of the
land type (e.g., clearcut area) changed between
photo sets, use the average value.

For debris flows associated with linear features,
caculate primary erosion rate per unit length of the

feature.

16. Tabulate average annud primary debris flow
erosion unit area for each land use in each
dratification unit by multiplying the average rate by
gther the proportion of the stratum in that land
category or the lengthof linear features per unit area
of the stratum. This shows the overal importance of
debris flow sediment productionfromeachland-use
type in the sratum.

17. Plot debris flow frequency in the most important
dratification units (usudly roads) in aphoto interva
agang the maximum storm sizein theinterval. Try
different descriptors of sormsize: precipitation per
month, per week, or per day may be useful.

Link to Project Level Analysis

Increased knowledge of specific portions of a watershed
analysis area will occur as projects, such as restoration
and vegetation management, are implemented. The
recommendations developed in the preliminary and
detailed phases of watershed analysis as outlined In this
Federal Guide must be reassessed in light of that new
information.
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Bank Erosion

Level |

Purpose
The following methods and techniques can be used to
characterize and assess bank erosion processes in the

watershed. They will lso help identify the natural and
human causes of bank erosion in the watershed.

Assumption

The streams in the watershed can be stratified into
zones likely to have relatively uniform patterns of bank
erosion.

Data Needs
1. Topographic maps (1:24,000).

2. Recent st of aeria photos (Ided: 1:12,000 color
or fase-color IR).

Older st of aerid photosat asmilar scae.
Geologic map.

V egetation map.
Rggnfdl map.ap

Land-use map.

Soil maps.

© 0 N o0 b~ W

Any exiging andyses of bank erosonin the area.
Products

1. A map (1:24,000) of dratification units used to
characterize bank erosion.

2. A tabulation of bank eroson intensity (high, low,

absent) on different channd orders, vegetation
types, and land uses within each sratificationunit.

3. A discussion of the digribution, likdy intengty,
and cause of bank eroson in each stratum.

Procedure

1. Tdk to geomorphologists, soil conservation
Specidists, road maintenance personne, channd-
gde resdents, floodplain * landowners, and

drologists working in the area to collect their
observations on bank erosion and gullying. Tie
observations to vegetation types, location, land
use on the banks, and topographic postion.
Identify periods of rgpid eroson.

2. For high-order channds (generdly fourth order

and higher, but depends on extent of riparian
cover), use recent and od sets of aerid
photographs (1:12,000 to 1:16,000) to map
reaches that have changed form or migrated, and
reaches with high, steep banks. It may be
desirable to acquirelarge scale aeria photog]raphy
taken after leaf-fall to assist ininterpreting channdl
character and che in subsequent anayses.
Note the association of these dtes “with
topography, channe order, channe form, land-use

activities, geology, and riparian vegetation. It is
H]Sgd ussful if the photo interval includes large
S.

3. Scan the recet and old sets of aerid

photo%reaphs identify areas of gully eroson, and
note their association with topography, channel
order, land-useactivities, geology, and vegetation.

4. Use the collected observations of gully erosion,

bank eroson, and associated characterigtics in
low-order channds to identify two or three
vaiablesthat are likely to most closdy contral its
distribbutaitc_)n. 'fl'hesle usua{ly inclrl]Jde Chszomg
combination of oi . topography, chann
order, and land use, tE;\FJ)t(-:‘thefyporr%]af/p d%;o include
vegetation, elevation, or other characterigtics.

5. Stratify the low-order channds in the watershed

according to the identified characteristics. Land
use and riparian vegetation are often treated as
subdivisons within a dratification unit, Snce they
often vary over relatively smal distances and
times If gullying is not common and no useful
observations were reported, then an arbitrary
dratificationbased on geology and topography is
usudly appropriate,

6. Sdect readily accessble fidd sites to observe

low-order nel bank conditions associated
with different land-use activities and channd
orders in each dratification unit. Make sure that
saverd locations in undisturbed or less disturbed
tributary catchments are selected.

7. Gully eroson itsdf is consdered under "gully

eroson.” However, accelerated gully erosion
usually provokes accelerated bank erosion in
downstream reaches as those channds adjust to
atered sediment load and flow. If gully erosion is
present, make sure that such sites are adequately
represented during field work.

8. Ateach fidd location, describe bank morphology

and estimate the lengthand area of bank showin
evidence of recent erosion. Note any indicatorso
erosion intengty or any visible association with
factorsthat might influencethe distribution of bank
erosion.

Level I
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Purpose

The fallowing methods and techniques can be used
for a more detailled assessment of bank erosion
processes and their influence onsediment ddlivery in
the watershed.

Data Needs

1. Topographic maps (1:24,000).

2. Recent st of aerid photos (Ideal: 1:12,000 color
or false-color IR).

Older et of aeria photosat asmilar scale.
Geologic map.

V egetation map.

Rainfal map.

Land-use map.

Soil maps.

© © N o g &~ »

Any exiging analyses of bank eroson in the area.
Products

1. A map (1:24,000) of dratification units used to
characterize bank erosion and ardative rating of
input rates in each.

2. A tabulation of estimated bank erosion rates on

different channd orders, vegetation types, and
land uses within each gratification unit.

Procedure

1. Carry out the Level | assessment of bank erosion
as described above, but visit additional sites in low-
order channels to better characterize areas of
eroding bank at these sites. Look carefully for
evidence of the age of erosive activity and the
depth of material removed at these sites. Root
exposure of datable vegetation, datable vegetation
growing on scars or deposits, and deposit volumes
may all be useful in establishing these values (Reid
and Dunne 1992).

2. Satidicaly sample eachdratificationunit on aerial
photographs to determine the average length of
channd in each subdrdtification Mark (1974)
describes arapid method for esimating the areal
dengty of alinear feature,

3. For the high-order channels for which areas of
bank erosion were mapped, messure the areas
involved. Locate representative stes for fidd
checking. Also note high-order reachesthat could

not be evaluated because the banks were not
vishble ("invisble reaches") and |ocateseveral Stes
for fidd checking in these reaches.

4. Vist the sdlected Stesin the field to determine the
thickness of sediment removed and its type:
bedrock, colluvium, recent dluvium, or dluvium
deposited under "paleo” conditions. Edtimate the
areaof bank showing evidence of erosionper unit
length of channd aong the reaches not visible on
aeria photographs.

5. Cdculate an average bank erosioninput for high-
order channds by dividing the volume change
between photo sets by the photo intervd. For the
caculation, group the "invigble reaches’ with
whichever substratum has a smilar vaue of
egoding bank area per unit stream length.
Cdculate vaues separately for recent dluvid and
for other bank materids eroson of recent
dluvium not contribute to the sediment yidd
snceit isoftenbaanced by depositionelsawhere.
However, both contribute to downstream
sediment loads. These vaues are ussful primarily
as indicators of the order of magnitude of
sediment input fromthis source, and of the relative
contﬂbutlon from different types of channd
reaches.

6. Caculate anaverage input for low-order channdls
by multiplying average area eroding per unit length
by the length of channel substratum, and by
the estimated retreet per year. Agan, these values
are ussful primarily asindices.
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Gully Erosion

Level |

Purpose

The following methods and techniques can be used to
characterize and assess gully erosion processes in the
watershed by identifying distribution patterns of gullies

and land-disturbing activities with which gullies are
associated.

Assumptions

1. Aeria photographs and interviews can be used to
get an overview of the types and location of
gullying likely to be active in the area.

2. The watershed can be subdivided into subareas
likely to behave similarly with respect to gullying.

Data Needs
1. Topographic maps (1:24,000).

2. Recent set of aerid photos (Ideal: 1:12,000 color
or fase-color IR).

. Geologic map.
. Soil map.

. Rainfdl map.

3
4
5. Vegetation map.
6
7. Land-use map.
8

. Any exiging andyses of gullying in the area,
Products

1. A map (1:24,000) of drdification units used to
characterize gullying. Units can be portrayed as
having high, med>|/um, or low gully incidence.

2. A description of gully characteristics within each
dratification unit, induding sSze, frequency,
associationwith topography, land use, vegetation,
and cause.

Procedure

1. Tak to geomorphologists, hydrologists, farmers,
ranchers, and personnel workinginthe areato get
thelr view of the causes, digtribution, and age of
gullying in the watershed.

2. Scan the most recent set of 1:12,000 (or Smilar
scale) aerid photographs to identify areas of
aullying and to observe their associaion with
topography, land-use activities, eol&gy, and
vegetation. Earlier photographs that show the
results of an extremdy intensestormmight aso be
used. This step could also be done efficiently by
an oveflight it postions are carefully noted on a
topograPhic map or on aerial photographs.
Generdly, only gullying in grasdand areas can be
g\]/d uated effiaently on aeria photographs or from

ear.

3. Use the observed associations between gullying
and land characteristics to identify two or three
characterigtics that seem to most closdly control
gully digribution. These are likely to be soils,
vegetation and land use; but they may include
geology, topography, elevation, or other
Characteristics.

4. Stréify the watershed according to the identified
characterigtics. Soils and vegetation are usualy
grongly correlated, and only one is likely to be
ussful as a dratification parameter. Land use is
udly treated as a subdivison within a
drdification unit, snce it often varies over
relatively smal disances and times. Topographic
sting may be used as a parameter ether for
gratification or substratification, depending on the
scale over which itsinfluence is evident.

5. Brigfly vigt sitesineach of the stratificationunitsto
examine road dranage networks, low-order
channels, agricultural  drainage networks,
meadows, rangelands, and other types of sites
likely to be gullied if gullying is active in the area.
Describe the type, age, dze, frequency,
topographic setting, extent of revegetation, and
evidence of cause for gullies in each substratum.
Document evidence of sediment ddivery to
channds from gullieswhile on sSte.
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Level
Purpose

The following methods and techniques can be used for
amore detailed assessment of gully erosion processes.
This is accomplished by describing gully incidence as
a function of land-use type or other relevant variables
and estimating sediment production from gullies in
different parts of the watershed.

Assumption

Fieldwork and aerial photographic interpretation can be
used to characterize gully size, age, sediment delivery
ratio, and frequency in different substratification units.

Data Needs
1. Topographic maps (1:24,000).

2. Recent set of aerid photos (Ideal: 1:12,000 color
or false-color IR).

Earlier sets of agrid photos for the sample Sites.
. Geologic map.
. Soil map.

Ranfdl map.

3

4

5

6. Vegetation map.
7

8. Land-use map.
9

. Any exiding andyses of gullying in the area.

10. Precipitation records for period with aerial
photographic coverage.

Products

1. A map (1:24,000) of stratification units used to
characterize gullying. Units can be portrayed as
having high, medium, and low gully incidence.

2. A map amilar to the firgt, but which portrays
sediment production to streams from gullying.
Thiswill be useful only if it differsin pattern from
the firs map.

3. A tabulation of gully characteristics by land use
within each dratification unit, induding sze,
extenson rate, association with topography,
vegetation, and cause, incidence per unt area,
annua volume of sediment mobilized per unit
area, and annud volume of sediment delivered
per unit areaof the land use. Resultswill be good

to wel within an order of magnitude, and are
likely to be vdid to plus or minus 50%.

4. A tabulation of sediment input rates from gullies
from each land-use type in a dratification unit,
unit area of the sratification unit. This differs
rom (3) in that it takes into account the present
extent of the land-use activity. Thus, the
tabulaion in (3) may show anextremely high rate
of sediment input from road-related qullies per
unit area of road surface in a particular stratum,
while the tabulation in (4) may show that since
there are very few roads present there, the net
input from this source is not large.

5. A discusson of guly types, digtribution, and
cause.

6. The data could aso be used to evauate the
timing of gullying in reation to timing of land-use
changes and mgor storms.

Procedure

1. Carry out aLeve | evaluation, as described
above.

2. For typesof gulliesvisble on aerid photo?rqohs
compare the digribution and sze of gulies in
representetive areas on sequential photographs.
Determine the age of the features, the extenson
rate, and the extenson Syle (i.e, isit ratively
continuous, or doesit extend rgpidly during some
periods?). Note any changes 'in land use
associated with atered extension rates. Gullies
may be randomly subsampled for rate
measurements and dimensions.

3. Measure the area of each land-use type and
vegetation type for each date sampled, and the
length of road present. Linear features can be
messured usng methods such as that presented
by Mark 1974, and areas by using point counts
(Van der Plas and Tobi 1965).

4. Vigt a characteristic sdlection of the measured
gullies meking sure that each important
gratificationunit iswel represented. At eachfidd
site, estimate the depth and width of the gully

plus or minus 20%) at a succession of distances
rom the gully al and sketch the cross-
sectiona form. These measurements will provide
a basis for esimating gully volumes from aeria
hotographst Deﬂ:nl?]e thseettt.ype, agte, tsize]é
requency, topographic ing, extent o
re?/qegggon, sgagma deliv (“t:]o the channd
system, and evidence of cause for the gullies.

5. For types of gullies not visble on aerid
photographs: onthe basis of the gully distribution
Identified during the Level | evaluation, select field
dtes in each of the important substratification
units. Vidt enough sites to estimate the order of
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magnitude of gully incidence per unit area of the
substratum.

6. At each fidd gdte, etimate the length, volume,
maximum depth and maximum width of the gully
(plus or minus 20%) and sketch the cross-
sectiona form. Describe the type, age, size,
topographic  setting, extent of revegetation,
sediment delivery to the chamne system, and
evidence of causefor the gullies.

7. Characterize gully types by average volume and
delivery ratio for different dratification units. A
geometric average will be more useful than an
aithmetic one if volumes are distributed log-
normaly.

8. For gullies not associated with linear festures
suchas channd banks or roads, calculateerosion
Per unit area of the associated land type (e.g.,
and use or vegetation subcategory), and divide
by the sampled interva duration to calculate
average input per year. If the area of the land
type?é.g., clearcut area) changed between photo
sets, use the average value.

9. For gullies associated with linear features,
]gésiatcu ae an input rate per unit length of the
ure.

10. Tabulate average annua input Per unit area for
each land use in esch dratification unit by
multiplying the average rate by dther the
proportion of the stratum in that land category or
the length of linear festures per unit area of the
stratum. This shows the overdl importance of
sediment production from each land-use typein
the stratum.
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Sediment Yield

Level |

Purpose

The following methods and techniques can be used
when assessing general sediment transport and
deposition processes in the watershed by estimating
the magnitude of sediment yield in different parts of
the watershed. Influences and relationships between

sediment processes and human activities in the
watershed are also identified.

Data Needs
1. Topographic maps (1:24,000).

2. Recent set of aerial photos (Idedl: 1:12,000 color
or fase-color IR).

Geologic map.
Soil map.

V egetation map.
Ranfal map.

Land-use map.

O N o o W

Any exiding sedimentation measurements in the
area.

9. Compilations of sedimentation measurements in
smilar aress.

Products

1. A map (1:24,000) of dratification units used to
characterize sediment yield. Units can be
portrayed as having high, medium, or low
sediment yidd.

2. Atabulationof estimated sediment yidd fromeach
dratification unit.

3. A description of erosion processes likdy to be
active within eachdtratificationunit,induding likdy
sediment delivery category (high, medium, low),
and association with topography, land use,
vegetation, and cause.

Procedure

1. Tdk to g?%)morphologists and h)(%rologists
workinginthe areato get their view of the sources
of eroson in the watershed and ther rddive
importance.

2. Scan the mogt recent set of 1:12,000 (or Smilar
scae) aerid photographs to identify mgor

sa?ment sourﬁes ?gr?d t% %tbservba? ther aasocI iatiog
with topography, isturbance, , an
vegetat%)r% gfl) s%/ notethe location ofgsteg&g)r/)onds
and other impoundments. A 1:15,840 map may
beneeded to adequatdly display sediment sources
from key smdl or linear sources like streams,
roads, dides, or riparian aress.

3. If analyses of individua sediment sources have
been carried out, superimpose the dratification
maps for each of them, refine the boundaries
where necessary (e.g., pay less attention to
unimportant processes and group together strata
with low erosion rates), and skip the next two
geps Y ou should end up with no more than 5 to

Strata.

4. Use the observed associations between erosion
sourcesand land characteristics to identify two or
three characteristics that seem to most closdly
_?_cr)]ntrol tht?_kceiist([lb%tlo? of er%s;/on Fl)rmand

ese are likay 10 be topographny, geology,
land use, but they may include soils, vegetetion,
elevation, or other characteristics.

5. Sratify the watershed according to the identified
characteristics. Land use vegetaion are
uudly not conddered primary dratification
parameters, since they often vary over reatively
gmdl distances and times. Characterize the
eology, topography, vegetation, and land
isturbance distribution of each gratification unit.

6. Examine exiging data compilations (e.g., Dendy
and Champion 1978, Larson and Sidle 1980) to
find sediment yidd measurements from areas
dmilar to each of the dratification units. In the
absence of published data, estimate the sediment
delivery rate from each dratification unit usng
established methods such as that found in
USEPA-USDA Forest Service, 1980.

7. If impoundments exist in the watershed, acquire
sedimentation measurements from those who
manage them. It may be possible to estimate infill

rates in recentl ilt stockponds from the
dimendons of deltas exposed during the dry
Season.
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Level Il

Purpose

The following methods and techniques can be used for

a more detailed assessment of a sediment yield as a

function of land-use type or other relevant variablesin
the watershed.

Data Needs

1.
2.

© © N o g &

Topographic maps (1:24,000).

Recent set of aerid photos (Ideal: 1:12,000 color
or fase-color IR).

Earlier sets of agria photosthat spana 10- to 20-
year gorm.

Geologic map.
Soil map.

V egetation map.
Rainfal map.
Land-use map.

Any exising analyses of erosion processesin the
area.

10.Any exiding sedimentation measurements in the
area.

11.Compilations of sedimentation measurements in
smiler aress.

Products

1.

4,

A map (1:24,000) of dratification units used to
characterize a sediment yield. Units can be
portrayed as having high, medium, and low
sediment yields, or can be mapped by order of
meagnitude of the sediment yield per unit area

Flowcharts  showing sediment  production,
transport, and deposition for each drétification
unit.

A tabulation showing the rdative magnitudes of
sediment inputs from different processes and
substrata within each dratification unit.

A description of erosion processes active within

each sratificationunit, indludingsediment delivery
category (high, medi um, low), and association
withtopography, land use, vegetatl on, and cause.

A tabulationof estimated sediment yidldsper unit
area for each drdification unit caculated by
summing inputs and subtracting deposition. Also
show estimated yields from the Level | evaluation.

A discussion of influences on asediment yidd in
each dratification unit.

Procedure

1.

5.

Carry out a Level | evauation, as described
above.

Vigt representative Stes in each Sratificationunit
and describe the types of erosion processes and
areas of deposition associated with different
topographic stings and types of land use in
each. Note the proportion of the area and the

types of topo%raphic settings and land use
associated sheetwash erosion. Measure
characterigtic landdide d
sheetwash erosion rates (e.g., exposed datable
roots). Note the proportlon of grave-road
surface drainage that makes it to the channd
network. Measure backcut retreat rates usng
root exposure of datable vegetation both on
typicd road cutsand onthose with characteristics
simila to channd banks. Note the area of
colluvid and dluvid streambank (per unit stream
length) showing evidence of erosioninlow-order
channels. Measure gully widths and cross-
sectional areas for those visble on aerid
photographs. Estimate gully frequencies, ages,
and volumes for those that are not. Construct a
flowchart for eroson and sediment transport
processes and sediment depositionand storage in
each dratification unit, and note their relative
importance (high, medium, low).

hs, and evidence of

Compile exiding rate measurements for each

rocessggae in each type of dratification unit or
associated with each type of land disturbance
present (e.g, Saunders and Young 1983, or
previous analyses in the watershed).

Select the mogt important erosion processes in
each drdification unit for further andyss. In
generd: any process that contributes less than
one-tenththe sediment of another ina substratum
canbeignored. Preiminary estimates of order of
magnitude can genegdly be carried out quite
quickly usng avaldble data and worst-case
assumptions.

If landdides are important in Stratification units,
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scan two sets of aeria photographs spanning
goproximately 10 years and including a moderate!
large storm(e.g., 10- to 20-year recurrencei ntervd{
Count and estimate 9ze classesand dedlivery ratios of
landdides occurring during that period in
representative sample areas in each of those
dratification units. Edtimate input rates from
landdiding per unit area of land-use type or
topographic setting with which they are associated.
Multiply these values by the proportion of that [and-
usetypeor topographic setting withinthe dratification
unit. These values should be within an order of
rﬂagnitude of the long-term input from landdiding in
the area.

6. If shegtwash erosion isimportant in dratification
units, multiply the area subject to sheetwash
eroson by the estimaed raes from fied
observations. Multiply these vadues by the
proportion of that land-use type or topographic
setting withinthe dratification unit. Also, estimate
sheetwash erosion rates for those areasusngthe
Universd Soil Loss Equation, if appropriate.
Apply measured road-surface erosion rates
normaized by rainfdl or the USLE R-factor) to
the area of the road surface that drains to the
channel network.

7. If bank eroson isimportant in dratification units,
multiply the observed characteristic areas of
eroding bank for different channd orders by the
retreat rates measured for bank-like roadcuts.
Also, multiply characteritic soil cr: rates
(Saunders and Young 1983) by the drainage
dengty times two by the proportion of the
channd bank impinging on colluvid deposits

8. If gulying is important in draification units and
the important gullies are visble on aerid
photographs, scantwo sets of aerid photographs
spanning gpproximately 10 years and including a
moderately large storm (e.g., 10- to 20-year
recurrence interva). Measure the expansion of
the gully network over the period, measure
approximate widths; and use the fied
measurements of gully widths and cross-sectional
areas to estimate gully eroson over the period.
Estimate input rates from gullying per unit area of
land-use type or topographic setting with which
they are associated. Multiply these values by the
proportion of that land-use type or topographic
setting within the gratification unit. These values
should be within an order of magnitude of the
long-term input from gullying in the area.

9. If gullying is important in dratification units and
the important gullies are visble on aerid
photographs, use field measurements of gully
Incidence, age, and Sze to estimate the sediment
input from gullying per unit area of land use or

topographic it with which they are
associated. Multifoy these vaues by the
proportion of that [and-use type or topographic
Setting within the gratification unit.

10. If dry ravel is important in stratification units,
multiply the area susceptible in each stratum by
estimates of retreat ratesfor each type of source
(suchas those measured using root exposure on
roadcuts or measured accumulations of ravelled
debris). Estimate sediment delivery for roadcut
eroson from information on the continuity of
road drainage with the channel network. For
other sources, estimate ddivery on the bass of
microtopography and the gze of débris
accumul ati

11. Tabulate average annua input per unit area for
each land use in each dtratification unit by
multiplying the average rate by either the
proportion of the stratum in that land category or
the length of linear features per unit area of the
stratum. This shows the overall importance of
sediment production from each land-use type in
the stratum.

12. Note mgjor areas of deposition downstream of
the eroson sources, and estimate order of
meagnitude of deposition rates there. Thiswould
include aggrading reaches and lakes.
Proportional depostion may vary by gransize.

13. Cdculate order of magnitude of sediment yields
from each gratification unit.
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Sheet and Rill Erosion

In Development ...
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Hydrology




Streamflow
Characteristics

Level |

Purpose

The following methods and techniques can be used to
characterize and assess the dominant hydrologic
characteristics in the watershed, specifically
streamflow amount and timing.

Assumptions

1. There is a high probability that there will not be
current or historic flow records for streams within
the watershed.

2. There is a high probability that there will be
sreamflow data avalable for streams within an
acceptable distance, thereby adlowing inferences
and comparative statistics to be developed.

Data Needs

1. Dadly flow records, as published by the USGS or
State Water Resource Departments.

2. Published summaries of sreamflow data
Data Sources:

C USGS annual streamflow summaries: paper or
electronic versions.

C Any State Water Resource Department

streamflow data, including avalable crest gage
data.

C Any data avalable from university or research
installations.

Products

Tables and graphs showing:

1. Monthly streamflow averages and extremes.
2. Annud gtreamflow amounts and extremes.

3. Flow duration curves or tabulated percentile
values.

4. Information about ingtantaneous peaks for each
year of record.

5. Information about diversons or regulation effects
at each gage.

Procedure

1. Obtain the most recent copy of the annual USGS
Surface Water Supply Paper or State publication
of streamflow for the areain which the watershed
of concern resides.

2. Familiarize yoursdf withthe lig of exiding Sations
withinand near the watershed of concern. L ook at
the map e'orovided to gan an gppreciation for the
spatid relaionship of the stations you will use.

3. For each dation of interest, read the entire
summary text at the top of the page. Pay particular
attention to the period of record, notes on station
location changes, notes about regulaion, and the
badc datigtics of annual and peak flows. As a
minimum, build a table showing: dation name,
gation number, gage daum, area, period of
record, average annud flow, average peak flow
(annua and instantaneous) for eachgage withinor
near the watershed of concern.

4. If this is the only source of flow information you
have or can get, write down the average monthly
flow values and the total annua yield for each
dation of interest. Look at the array of daily flows
and record the date of the highest five (5)
greamflows during the year. Record the date of
lowest flow and the vaue.

5. Determine if summary streamflow publications
have been prepared for the state or the area of
concern. If you do not know, cdl the nearest
USGS or Water Resource office and ask. These
publications will generdly indude information on
sreamflow extremes, averages, duration, and
timing. If a summary is not available, arrange to
purchase or obtain a copy.

6. Record monthly vaues for each gation of interest
for each year of record. Also, tabulate the annual
and ingtantaneous peak vaues and the annual low
vaue for eachyear of record. Thisinformationcan
be used to define streamflow timing, volume, and
extremes. The tabulated data providesabasis for
evauating the range of flow variability for each
gtation or group of gations.

7. Prepare a table showing average monthly
greamflow, peak and base flow amounts, and
timing for each dtation of interest. Graph the
monthly flows. It is very hdpful to showthe range
of monthly vaues onthis graphto quickly illustrate
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the range of flows by time period. Be suretoindlude
dl the gtation dtatistics you wrote down and include
amap showing where each of the Sations are rddive
to the watershed being studied.

8. If you have access to an dectronic version of the
USGS streamflow records, such as those sold
commecdly by a vaiey of CD-ROM
purveyors, the summary of monthly and extreme
flow datistics is made very easy. Data can be
exported to ocommercial spreadsheets or
databases for andysis and presentation. Data for
discontinued, as wel as active dations, are
generdly available dectronicaly. Also, the USGS
can process requedts for data summaries for a
sation or group of stations.

Level Il
Purpose

The fallowing methods and techniques can be used
for a more detailled assessment of streamflow
characteristics through a detalled atistical
description of streamflow amounts, timing, and
vaiability. The Level 11 methods alow development of
relationships between streamflow and channel
geometry for each gaged site and graphica and
mathematical relationships for estimating
characteristics of ungaged areas.

Assumptions

1. Data are avaldble in dectronic form and the
analyst is computer conversant. The suggested
anayses are feasible if data must be entered

manualy; electronic access greatly facilitates the
task.

2. Appropriatehardware and software are available.
Products
Same as developed in Level | evaluation plus:

1. Area-wide rdationships useful for edimating
streamflow values at ungaged Stes.

2. Rdationships between streamflow and channd
geometry.

3. Understlanding of changes in channel geometry
over time,

Procedure

1. Prepare the data in a format which is usable by
avalable analyss and presentation software

(spreadsheets, databases, graphics). This be
accomplished by downloading data from
commercid CD-ROM packages, by specid
request to the USGS office (may take too much
timeto get the data), or by manudly entering data
fromannua publications. Practicadly, daily datafor
any more than 20 station years for 5 or more
gations will require too much time for manud
entry. The most desirable means of preparing the
data is to access a CD-ROM source. The data
should be stored in a format that is usable by
available modes or andytic software.

. Andyze the data to provide descriptive dtatistics

of choice. Paticularly useful representations
indude flow duration curves, dsreamflow
magnitude-frequency graphsand tables, percentile
curves, box and whisker plots of monthly or
seasond flows, time series presentations of daily,
monthly, and annud flows.

. Attempt to dratify the data sets to develop

streamflow characterizations for mgjor elevation
bands associated with different precipitation
regimes(i.e., rain dominated, rain-on-snow, snow
dominated).

. Correlae pesk flows (annuad and partid duration

sevies) with precipitationand other meteorologica
data during and preceding the flows.

. Develop graphicd rdationships, nomographs or

regression rel ationships between watershed area,
eevation, and streamflow values associated with
selected streamflow return periods. These graphs
canquickly summarize rel ationshipsthat are useful
for estimating streamflow regime inungaged areas
of the anaytic watershed.

. Acquire copies of fidd stream gaging record

summaries for the stations of interest from the
USGS. These records will allow the development of
relationships between channel width, depth, and
area over arange of flows. Thisinformation is also
useful to show changes in cross-section at a given
site over time and the range of flows experienced.
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Peak Flow

Level |
Purpose

The following methods and techniques can be used to
assess current conditions and trends of peak flows in
the watershed. The influences and relationships
between peak flows and the hydrologic performance
of forested watersheds are identified. This is done by
determining what portions of the analysis area are
potentialy contributing the highest increase in peak
flow magnitude. The natural and human causes of
incremental changes in peak flow magnitude are
evaluated.

Assumptions

1. Ddivery of water to the forest is controlled by
dimae i.e., quantitiesand ddiveryrate of ranand
Sow.

2. Ddivery of water to the forest floor is determined
by interception and snowmet (changes in
vegetation).

3. Hydrologic efficiency of the watershed is largdy

determi ned by vegetati on, soils, drainage network,

pathway roughness. Runoff efficency is

affected sgnlfl y by road dengity by drainage
extengon and flow rerouting.

4. Andysshaveaccessto anoperationd GlSand its
associated database.

Data Needs

1. Map of andyds watershed with streams
(1:63,360).

2. Vegetation age didribution table by vegetative
series and subwatershed.

3. Elevation zone/precipitation-type map and data
table.

4. Road densty and stream density tables by
subwatershed.

5. Aspect table by subwatershed.
6. USGS published dreamflow data (annud

publications or dectronic verson; eg., CD-
ROM).

Products

1. A table of the magnitude of experienced peak
flowsover time withinthe watershed or for nearby
watershed with smilar physiography.

2. A map a the 1.63,360 scde showing ran
dominant, rain-on-snow dominant, and snow-
dominant zones.

3. A mep a the 1:63,360 scae showing which
subwatersheds have the greatest potential for
experiencing altered peak flows as the result of
atered vegetative state and/or road congtruction.

4. A marix display of factors that went into
determining degree of watershed impact by
subwatershed.

Procedure

1. Produce a map a 1:63,360 (1'=1 mile) of the
entire watershed withthe streams shown. Detailed
subwatershed maps may be mapped at 1:24,000
depending on the andyss intensity.

2. Divide the large watershed into subwatersheds
based onstreamorder usng "blue ling’ streams on
the topographic map. Divisons should be done on
3rd to 4th order basins. All data from this step
forward should be tabulated by subwatershed and
totaled for the entire watershed.

3. Tdk with loca hydrologists and other district
personnd, aswell as Wegther Service and State
officds, to obtain information about higtoric rain-
on-snow devation levels.

4. Delinegte the watershed by devation zones into
areas that can be classified as rain dominated,
rain-on-snow dominated, and snow dominated.
Rain-on-snow dominated areas and the percent
occupied by this zone within the basn are
particularly important contributors to peak flow
increases.

5. Ddinesate the watershed by aspect classes. Totd
the acres for each aspect class for each
subwatershed. In situations where a GIS is not
operational, broad aspect classes can be defined
from topographic maps.

6. Devdop a road-density table for each
subwatershed.
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Level Il
Purpose

The following methods and techniques describe amore
detailed assessment of peak flow conditions by

7. Develop a vegetative-condition table for each
subwatershed showing the age digtribution of
vegetation-by-vegetative series.  Suggested
categories for vegetation-age breakout are: 0-10
yrs, 11-40 yrs, 40-100 yrs, 100-200 yrs, and
200+ yrs.

8. For each of the eevation classes associated with
the preci pitationzones(rain, rain-on-snow, snow),
tabulatethe vegetative condition, drainage density,
road dengity, percent of subwatershed ineach 3rd
to 4th order subbasin.

9. From the data matrix produced in step 8,
determine the potentid for change in peak
streamflow for each subwatershed. This can be
done by assgning reative weights to each of the
tabulated categories. Record the results. An
example of a waght scheme is provided in the
Washington State watershed analysis procedure
(WashingtonState Forest PracticesBoard, 1992).
Ranking the subwatersheds or grouping the
subwatersheds into categories of potentia for
change in peak flows may be hdpfu for
presentation of the results. This subjective
procedure is most useful for evauating the risk of
dtering streamflow. If Sgnificant areas of high risk
are found, amore detailed andyds of conditions
and possible effects should be undertaken.

References

Christner, Jere. 1981. Changes in Peak Streamflows
from Managed Aress of the Willamette Nationa
Forest. August 1981.

Environmental Protection Agency. 1980. An Approach
to Waer Resources Evauation of Non-point
Silvicultura Sources. EPA-600/8-80-012, Chapter 11|
Hydrology. August 1980.

Grant, Gordon. 1986. Assessing Effects of Peak Flow
Increases on Stream Channels: A Rational Approach.
Proceeding of Cdifornia Watershed Management
Conference.

Standard Methodology for Conducting Watershed
Anaysis: Verson 1.10. October 1992. Washington
Forest Practices Act Board Manual. Washington
State Forest Practices Board. 1992.

estimating the change in avalable water for runoff as
a result of current vegetative conditions for all
subwatersheds within a watershed analysis area.

Data Needs
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Data identified in Level | plus:

1. Existi;? hydrologic summaries and USGS
g low data either fromWater Supply papers
or other sources.

2. USGS publication with regiond flow prediction
equations such as Magnitude and Frequency of
H %ods inWestern Oregon, Open FHle Report 79-
553.

3. NOAA precipitationatlas (Miller, et. d.) or digital
filesavaladlefor GIS.

4. Topographic maps (1:24,000).
Products
1. Products as described in the Level | evaluation.

2. A smi-quanttitative naraive of watershed
conditions and peak flow magnitude and
frequency by subwatershed. The narrative will
describe the potentia effects of roads and
vegetation changes on peak flow magnitude and
frequency.

3. A streamflowmagnitude-frequency relationshipfor
a gaged watershed or for one that canbe used as
asurrogate.

4. A determinationof weather conditions contributing
to flows of various magnitude.

Procedure

1. Evduate any historic aerial photographs taken
after mgjor flood events. Thiswill dlowthe anadyst
to see agrid extent of flooding, as well as the
overdl watershed condition of the watershed at
the time of the flood(s).

2. Carry out the Level | evauation of the watershed
by subwatershed as described above.

3. Develop a table for each subwatershed showing
the amount of road considered mid-dope, which
would potentidly have more impact in rerouting
subsurface flow and increasing the drainage
effidency. (Thiscould be set up toinclude dl road
positions, i.e., ridge top and vdley bottom, aswdl
asmid-dope.)

4. |dentify exidting stream gaging detionsin the area
and develop a return frequency relationship for
1.25-,2-,5-, 10-, 25-, 50-, and 100-year return
periods.

Note: Regiondly developed curves are available, but the

standard error for most of these equations is very high.

5. Usng NOAA wesather data (rainfal and ar
temperature) and streamflow data from USGS,
determine the time of occurrence and type of
individud flood events over the entire period of
record. This information will be very helpful to
those who are assessing potentia channd changes
or evauding the biologica effects of historic
flows.

6. If there are sufficient streamflow data available, a
flood-frequency analysis can be performed. A
partid-duration series would use the largest peak
flowsabove a certain arbitrary leve. Plotting each
event according to its cause would give a rough
idea of the cause(s) of peak flows with different
return periods. For example, a flood-frequency
andyss for a particular watershed might indicate
that 90 percent of peak flows with areturn period
of lessthan 2 yearsare caused by rain, 50 percent
of peak flows with a return period of 2-5 years
are caused by rain done and 50 percent by rain-
on-snow, and 80 percent of peak flows having a
return period of more than 5 years are caused by
rain-on-snow.

7. Tdk with loca long-term residents of the areato
gather additional information about various storm
events.

8. Document dl informetion about the frequency and
probable cause of flows for each
subwatershed. This information will be critica to
ﬁ%_one who is assessing channel form or aguetic

itat condition changes.
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Overland Flow

Level |

Purpose

The following methods and techniques can be used to

assess current conditions and trends relative to

overland flow in the watershed. Influences and

relationships  between overland flow and other

processes and activities in the watershed are

identified.

Assumptions

1. Anecdotal reports and soil descriptions can be
Hsed to identify areas likdly to generate overland
Oow.

2. Brief Stevidtsto each ty,oeof Ste canbe used to
compile evidence of overland flow.

Data Needs
1. Topographic maps (1:24,000).

2. Recent set of aerial photos (Ided: 1:12,000color
or fase-color IR).

Geologic map.

V egetation map.
Rainfal map.
Land-use map.

Soil maps.

© N o 0 M~ W

Soil descriptions.

9. Any existing analyses of runoff generation in the
area

10. Any existing analyses of sheetwash, rill, or gully
erosion in the area.

Products

1. A map (1:24,000) of dratification units used to
characterize overland flow generation.

2. A tabulation of overland flow mechanism and
IZ%%/ intengty (high, low, absent) on different
landforms, vegetation types, and land uses within
each dratification unit. Also, tabulate the ared
Icov(;arage of each landform, vegetation type, and
and use.

3. A discussion of the didribution, likey intengty,
and cause of overland flow in each stratum.

Procedure

1. Read any existing reports on runoff generation or
sheetwash and rill erosion in the area.

2. Tdk to geomorphologists, soil scientists, ol
conservationspecidists, and hydrologi stsworkin%;
in the areato collect their obsarvations on runof
generation, overland flow didribution, and the
digribution of sheetwash erosion, rilling, and
quilying. In particular, ask for observations about
bare ground, burned hilldopes, hilldope swales,
floodplains, roads, grazed areas, cultivated aress,
and seasondly saturated aress. If possible,
identify the storms for which flowwas observed.

3. Tdk towoods-workersor otherswho commonly
work outdoors during storms to collect ther
observations on the location of standing water
and surface flow during sorms or snowmelt. Tie
observations to vegetation types, location, and

topographic position.

4. Examire soil reports to identify shadlow soils
seated on impermeable bedrock, soil types with
icularly low infiltration capacities, those with
izons that impede infiltration, those that may
become hydrophobic after burning, and those
characterized by gleying.

5. Examine adetailed map of the channel network,
if avalable, to identify areas with particularly high
drainage dengty.

6. Scan the most recent set of 1:12,000 (or Smilar
scae) aerid photographs to identify areas of
extengve quly eroson and observe their
association with topograph?/, land-use activities,
geology, and vegetation. Also note the locations
of areas of bare ground and of abnormdly high
drainage dengty. This st?o could aso be done
efficdently by an overflight if podtions are carefully
noted on a topographic map or on aerial
photographs.

7. Use the collected observations of overland flow
and associated characterigtics to identify two or
three variables that are likdy to most closely
control itsdistribution. These usudly are soil type
and land use, but they may include topographic
position, vegetation, eevation, geology, or other
characteristics.

8. Stratify the watershed according to the identified
characterigtics. Land use and topographic
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postion are usualy treeted as subdivisons within a
dratificationunit, ance they oftenvary over rddively
gmdl distances and times. Soil and vegetation often
vary together, so soil type can often be used to
characterize both. Idedly, there will be 3 to 5
different dratification units. Detailed soil map units

will need to be grouped into Smilar types.

9. Select readily accessible fidd Stesto observe soil
profiles and surface conditions associated with
different land-use activities and landformsineach
dratification unit.

10. At each fidd location, search for evidence of
overland flow and sheetwash erosion on planar
hilldopes, floodplains, and inswales. Observethe
distributionof vegetationassoci ated withseasonal
saturation. Use a soil auger to check for gleying
in different topographic positions. L ook for other
indicators described by Dunne et d. (1975).

11. Satigticaly sample each drdification unit on
aerid photographs to determine the average
length or area cover of the land-use types,
vegetation types, or topographic features found
to be associated with overland flow, and of
impermesble developed surfaces and exposed
bedrock. Linear features can be measured using
methods such as that presented by Mark 1974,
and areas by usng point counts (Van der Plas
and Tobi 1965).

12. Use the tabulated results to describe the likely
association of overland flow runoff with different
land disturbances, vegetation types, or
topographic featuresin each of the strata.

13. Note that this whole process becomes moot if
you can do reconnaissance fieldwork during a
angle high-intengty storm or during the peak
snowmelt season.
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Level I

Purpose

The following methods and techniques can be used for
amore detailed assessment of overland flow as source
of runoff in the watershed. This is done by identifying
the conditions under which overland flow islikely to be
generated. Influences and relationships between
overland flow processes, landforms, and land
disturbance are aso evaluated.

Data Needs

1. Topographic maps (1:24,000).

2. Recent st of aeria photos (Ided: 1:12,000 color
or fse-color IR).

Geologic map.

V egetation map.
Rainfal map.
Land-use map.
Soil maps.

Soil descriptions.

© o N o g b~ »

Any exiging andyses of runoff generation in the
area

10. Any exiging analyses of sheetwash, rill, or gully
eroson inthe area

11. Precipitation records.
Products

1. A map (1:24,000) of stratification units used to
characterize overland flow generation. Units can
be portrayed as having high, medium, and low
intensity (indexed by the estimated proportion of
rainfall that runs off as overland flow) of overland
flow. If certain mechanisms for overland flow
generation are particularly important in some
areas, separate maps can be prepared for these.

2. A tabulation of overland flow potential for
different landforms (e.g., swales, floodplains),
vegetation types, and land uses within each
stratification unit.

3. A tabulation of overland flow intensity for each
land-use type in a stratification unit, per unit area
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of the stratification unit. This differs from (2) in that
it takes into account the present extent of the land-
use activity. Thus, the tabulation in (2) may show an
extremely high intensity of overland flow on roadsin
a particular stratum, while the tabulation in (3) may
show that since there are very few roads present,
the overall importance of this sourceis not large.

4. A discussion of the distribution, intensity, and
cause of overland flow in each stratum, and of the
conditions under which it is generated.

Procedure
1. Cary out alLevel | evauation, as described.

2. Observe drainage paths of road runoff downslope
of roads for a random sample of road segments to
assess the proportion of drainage structures that
convey surface runoff to channels. Assess the
proportion of the road surface at these sites that
contributes flow to drainage structures, rather than
dispersing runoff across the hillslope.

3. Estimate the proportion of impermeable developed
surfaces and exposed bedrock in each stratum
that contributes surface runoff to the channel
system rather than dlowing it to disperse across
hillslopes.

4. Estimate the duration of saturated conditions for
seasonally saturated sites and soils with impeded
drainage based on anecdotal reports, precipitation
patterns, water-table depth, and soil-moisture
storage capacity. Cdculate overland flow runoff
as precipitation falling during the saturated period.

5. For areas generating Horton overland flow,
estimate infiltration capacities using published
reports, anecdotal reports of flow during storms of
known intensity, or infiltrometer measurements.
Use precipitation records to estimate the
proportion of the annual rainfal with higher
intensity.

6. Caculate average overland flow intensity (indexed
as the proportion of annual precipitation that runs
off as overland flow) per unit area for each land
use in each stratification unit by multiplying the
average intensity by the proportion of the stratum
in that land-use category.
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Base Flow

In Development ...
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Stream Channel




Channel Condition

In Development ...
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Vegetation




Blowdown

Level |
Purpose

The following methods and techniques can be used to
help characterize and assess the role of blowdown in
shaping the landscape pattern of plant communities by
identifying distribution patterns of blowdown in the
watershed. These methods and techniques can also
assist in the assessment of natural and human causes
of change between historical and current vegetative
conditions by identifying land-use activities with which
blowdown is associated.

Assumption

Aeria photographs taken after a magjor windstorm can
be used to assess the relation between blowdown and
various landscape and land-use parameters.

Data Needs

1. Topographic maps (1:24,000).

2. Recent set of agria photos (Ideal: 1:12,000 color
or false-color IR).

3. Setsof aerial photos postdating major windstorms.
4. Geologic map.
5. Vegetation map.

6. Soil map; some SRIs have a windthrow hazard
risk interpretation.

7. Information on wind directions and intensities.
8. Land-use map.

9. Any existing analyses of blowdown in the area.
10. Information about past blowdown salvage sales.
Products

1. A map (1:24,000) of dratification units used to
characterize blowdown. Units can be portrayed
as having high, medium, or low blowdown
incidence.

2. A tabulation of reative blowdown frequency
within each substratum. Note that the measured
frequencies provide only an index of reative
susceptibility during asingle sorm, and, in part,
reflect the character of that storm.

3. Adi scussr']on of t_Ilwe associati %n of ﬁl owdown ;/gll th
topography, soils, rooting , water table,
land use, vegetation, insects, SPtse& and other
relevant variables.

4. A discusson of the implications of blowdown
digtribution for Riparian Reserve widths in each
substratum.

Procedure

1. Determine the dates and characteristics of major
windstorms in the area, particularly during the
period since the second to last aeriad photos set.
Acquire aeria photographs (1:12,000 scale color
or false-color infrared are most useful)
immediately postdating the largest windstorms of
the past several decades.

2. Scan the agriad photographs to identify areas of
blowdown and to observe their association with
topography, land-use activities, geology, soil type,
and vegetation. Note areas of particularly high
blowdown frequencies.

3. Tak to silviculturists and others working in the
area to get ther view of the causes and
distribution of treefall.

4. Use the observed associations between blowdown
and land characteristics to identify two or three
characteristics that seem to most closdy control
blowdown distribution. These are likely to be
topography (including landform and aspect),
vegetation, and land use, but they may include
geology, soil type, elevation, or other
characteristics. If the concerns over treefall are
primarily channel- or riparian-related, then the
dtratification parameters should be relevant to
these areas.

5. Stratify the watershed or channel network
according to the identified characteristics. Land
use and vegetation may be treated as subdivisions
within a dtratification unit if they vary widely over
short distances and times. Particularly relevant
substrata often include various types of
silvicultural margins.

6. Randomly select areas within each substratum for
mapping treefall on aeria photographs taken after
a mgjor windstorm. This information will be used
to determine relative sensitivity of different types
of sites to blowdown. No two storms are exactly
the same, so information should be interpreted
with respect to the characteristics--such as wind
direction--of the sampled storm. Blowdow n often
is patchily distributed during the largest storms. If
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large tracts are blown down in patches, it may be
most useful to map the blowdown patches
throughout the area, rather than counting individual
treefalls in sampled subareas.

7. Silvicultura margins (and especially the edges of
clearcuts) ae particularly susceptible to
blowdown. Note the ages of the cuts affected and
the distance of toppled trees from the origina cut
margin.

8. Measure the area or length of the sampled
substrata. If this information is not avalable from
a GIS, liner features can be measured using
methods such as that presented by Mark (1974),
and by using point counts (Van der Plas and Tobi
1965).

9. For each stratum, tabulate blowdown freguency
by substratum.

10. Compare results for each of the samples within a
stratum. If they agree relatively well (i.e., patterns
of distribution are smilar and frequencies agreed
to within an order of magnitude), then the stratum
is relatively wdl characterized. If results vary
widely and some frequencies are high, then
additional photos from the stratum should be
scanned to determine whether the stratum should
be subdivided further to better reflect controlling
variables, or whether a larger sample set is
required to characterize the stratum. If blowdown
frequencies in the stratum are variable but low, no
further work is necessary. "High" and "low" are
relative to values in other stratification units.

11. Use the tabulated results to describe the
association of blowdown with land-use activities,
topography, vegetation, and other relevant
variables in each of the stratification units.

Level I
Purpose

The following methods and techniques can be used to
evauate the influences and relationships between
vegetative and seral patterns as affected by blowdown
and other ecosystem processes in the watershed, by
assessing the susceptibility of Riparian Reserves to
blowdown as a function of setting and land use and by
assessing the width of the margins affected by
blowdown. These methods and techniques can aso
assist with the development of specific management
recommendations by estimating the time required for
sivicultura margins to become wind-firm after
disturbance.

Assumption

Observations of blowdown distribution on aerial photos
can be supplemented with information from additional
storms and field observations.

Data Needs

1. Topographic maps (1:24,000).

2. Recent set of aerid photos (Ided: 1:12,000 color
or false-color IR).

3. Setsof aeria photos postdating major windstorms.
4. Geologic map.
5. Vegetation map.

6. Soil map; some SRIs have a windthrow hazard
risk interpretation.

7. Information on wind directions and intensities.
8. Land-use map.
9. Any exigting analyses of blowdown in the area.

1 0
Information about past blowdown salvage sales.

Products

1. A map (1:24,000) of stratification units used to
characterize blowdown. Units can be portrayed as
having high, medium, and low susceptibility to
blowdown.

2. A tabulation of relative blowdown rates for
different types of settings, vegetation types, and
|land-use activities within each stratification unit.

3. A discussion of the relative susceptibility of
different site types and land-use activities to
generating blowdown.
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4. Plots of blowdown frequency as a function of
distance from a silvicultura margin for diff erent
types of margins and different orientations with
respect to wind direction within each important
stratification unit.

5. A discussion of the implications of the plots in (4)
to design riparian leave strips associated with
different land-use activities (e.g., clearcutting
versus selection cutting) and settings (e.g., first-
order versus second-order channels).

6. A discussion of the time required for silvicultural
margins to become wind-firm after disturbance.

Procedure
1. Carry out aLeve | evaluation, as described.

2. Redo the aeria photograph analysis for additional
windstorms.

3. Use weather records and mapped orientation of
blowdown to characterize the "typical" important
windstorm. This information may be useful for
refining substratification units. For example, if
major storms tend to have the same wind direction,
the orientation of ecotones will be an important
variable in determining their stability.

4, Randomly select for field visits about five
examples of each important substratum, making
sure that existing buffer strips and other
silvicultural margins are well represented. Also
make sure that linear features are represented in a
variety of orientations with respect to the effective
wind directions. A few sites should also be visited
within subunits that show few blowdowns to verify
their absence.

5. Look for evidence of blowdown in unmanaged
stands where soils, vegetation, and topographic
factors may contribute to blowdown susceptibility.
Signs of past blowdown are pit/mound topography
with or without evidence of tree boles.

6. At each field site, note the location, frequency, age,
size, orientation, and species of recent blowdowns.
Approximate ages can be categorized by the
condition of the bole and ages of colonizing plants.
Note associated conditions that might have
influenced the blowdown. If the substratum
represents an ecotone, as is the case with a
silvicultural margin, estimate the distance of the
fallen trees from the boundary.

7. Plot the frequency of blowdowns as a function of
distance from a slvicultural margin for different
types of margins and different orientations with

respect to wind direction.

8. Compare blowdown intensity from a windstorm on
silvicultural margins of different ages to estimate
susceptibility as a function of disturbance age.
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Fire Disturbance and
Fire Risk Module

Purpose

1

Establish the natural role(s) of fire within the
watershed. Characterize the range and mosaic of
vegetation patterns that resulted from the natural
fire regime(s) within the watershed.

Determine natural fuel and vegetation conditions,
and document trends and changes from these
conditions.

Establish the level of risk of large-scale high-
severity fire, and the consequences of such an
event within the watershed.

Assumptions

1

Fire histories can be established at the
watershed scale by using or compiling existing
data and can be reconstructed in an
acceptable amount of time; or knowledge of
fire regimes at a larger scale can be applied to
the watershed with a reasonable level of
confidence.

Analysts can use established aids to determine
fuel conditions and models for estimating fire
behavior. Fire risk and fire behavior computer
models are useful at the watershed scale.

Avalable sources of knowledge and
information, such as completed Nationa Fire
Management Andyss System (NFMAYS)
tables, will be used to the fullest extent
possible and adapted to the landscape scale
whenever possible.

Data Needs

1.

2.

3.

Oldest available and current aerial photographs.
Local historical photographs.

Existing vegetation (GIS layer).

Procedures

1

a Compile fire history (size, location, and
intensity) from agency records and databases,
and dtratify fire occurrence into frequency
classes; and/or

b. Establish natural fire history (presuppression

4. Stand maps, stand exams, and other vegetation
inventories.

5. Fuel inventories and maps.

6. Fire occurrence databases and other agency fire
occurrence records (e.g., atlases and reports).

7. Fire intengties derived from occurrence databases
and large fire rehabilitation assessments.

8. Fire effects and fire severity information (e.g., Fire
Effects Information System (FEIS), First Order
Fire Effects Model (FOFEM), literature, and
administrative surveys, reports, and records).

9. Records of past activities, including
reforestation/revegetation and fuel treatment
records.

10. NFMAS tables to establish fire occurrences and
size classes by fire intensity level (FIL).

Products

1. Maps, tables, and descriptions of fire history of the
watershed and/or fire regime(s) characteristic of
the watershed.

2. Map of points of origin and causes of fires in the
recent past (1970 to present), stratified into fire
occurrence classes.

3. Maps and descriptions of fire intensities of large
fires (>100 acres), and vegetation patterns that
portray stand replacement fire events.

4. Maps of fuel models, and descriptions of fuel and
vegetation conditions.

5. Descriptions of changes in natural fire regimes
resulting from past management activities.

6. Descriptions of potentia fire behavior.

7. Maps and descriptions of risk of large-scale, high-
severity fire, and descriptions of potentia
consequences of these fires.

8. Descriptions of management actions for, and

capabilities of, mitigating the risk of large-scale
high-severity fires.

era and presettlement era) from studies, site
records, and historical references, to a
reasonable extent, and stratify fire occurrence
into frequency classes; and/or

c. Characterize the natural role(s) of fire
(ecosystems, plant associations, and some
individual species) and natural fire regime(s)

Ecosystem Analysis at the Watershed Scale: Federal Guide for Watershed Analysis - Section |1



10.

(frequency/periodicity, size distribution, and
distribution of severity classes) of the
watershed. Natural fire regimes may need to
be inferred from potential natural vegetation,
American Indian occupancy, resource use
patterns, and from climatic regimes. The use
of existing plant association inventories,
guides, and maps is highly encouraged.

Establish a natural range of fuel characteristics
considering potential natural vegetation conditions
and distributions (including patch size distribution),
and potential natural coarse woody debris amounts
and distributions.

Use Existing Vegetation Module to establish
existing live biomass types, distributions, and
conditions as they reate to fire ignition, spread,
intensity, and severity.

Compile current fuel loading and distribution
information, considering the history of disturbance
and other fuel modifications, and assign or develop
fuel model descriptions. This will include
characteristics and distributions of coarse woody
debris, standing snags, and existing vegetation.

Analyze changes in fire regimes (especially
occurrence, size, and severity) due to altered fire
history, vegetation, and fuel characteristics.

Using the natura role of fire, the natura fire
regimes, the observed historical fire occurrence
distribution, and the vegetation and fuel conditions
derived in the above sections, develop stratified
probabilities of fire occurrence across landscapes
within the watershed.

Identify key resources (ecosystem and
cultural/socioeconomic) that may be at risk under
various levels of fire intensity.

Develop dratified expected effects on natural
ecosystem components, based on natural fire
regimes, dtered fire occurrence and intensity, and
resource susceptibility to fire.

Develop the probabilities that resources can be
protected from fire under present altered fire
regimes, existing vegetation, and fuel conditions.

Develop the probabilities that resources can be

protected from fire under present altered fire
regimes, with varying levels of management

intensity, under currently directed land

management guidance.

11. Describe potential/apparent conflicts between
probable resource protection outcomes and
current land management goals and objectives.

Note: Items 8-10 may be addressed by using the

NFMAS and other fire-occurrence modeling,

through the Fuel Appraisal Process (FAP) or

its components, which will be particularly
useful to simulate outcomes under different
management scenarios. Stochastic systems
moddling (such as SYSDYN5 [Wiitaa,

1994]) can dso be used to estimate

probabilities of specific outcomes.
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Vegetation

In Development ...
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Terrestrial Coarse
Woody Debris
Levels and
Recruitment

In Development ...
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Water Quality




Water Quality
Assessment

Purpose

The purpose of this module is to describe water quality
assessment in the context of watershed analysis. Water
quality is often viewed from two perspectives (Figure
WQ-1). The first centers on setting objectives. This
involves describing the aquatic resources (i.e., streams,
lakes, etc.), the beneficial uses associated with these
resources, and a set of indicators which reflect
conditions. The objectives set are usually reflected in
State water quality standards.

The second water quality assessment perspective relates
to program management and implementation. Here, the
focus is on how watershed processes and disturbance
activities, through changes to input variables (e.g.,
sediment, water, wood, chemicals, etc.), affect
beneficial uses as reflected through the same indicators
used to assess conditions.

In conducting water quality evaluations associated with
watershed analysis, the key is to focus on linkages.
Much of the information needed for water quality
assessment is available from other core topic areas (or
modules). For instance, core topics such as human uses
and species and habitats also describe beneficial uses
dependent on aquatic resources. Likewise, watershed
processes, such as hydrology, erosion, and vegetation,
are core topic areas in watershed analysis with
information which relates to source inputs that affect
water quality. Lastly, assessment of stream channel,
another core topic area, utilizes many of the same
indicators associated with aquatic life uses in water
quality assessments.

Water quality assessment within watershed analysis,
under the Federal process, consists of three components:
characterization, condition assessment, and
interpretation. The assessment attempts to identify, for
waterbodies occurring in the watershed, those situations
where beneficial uses dependent on water quality are, or
are likely to be, impaired as a result of disturbance
activities. This includes not only forest practices, but
also other land management activities such as
agriculture, grazing, or urban development. The
approach taken in this module is to evaluate information
on how water quality within the watershed is affected by
the cumulative effects of disturbance activities.

The following critical questions help frame the
assessment of water quality in watershed analysis:

* What beneficial uses dependent on aquatic
resources occur in the watershed and which water
quality parameters are critical to these uses?

* What are the current conditions and trends of
beneficial uses and associated water quality
parameters?

* What were the historic water quality characteristics
of the watershed?

* What are the natural and human causes of change
between historic and current water quality
conditions?

* What are the influences and relationships between
water quality and other ecosystem processes in the
watershed (e.g., mass wasting, fish habitat, stream
channel, etc.)?

Assumptions

A number of fundamental assumptions underlie the
approach developed within this module. The most
fundamental assumption is that the analysis be based on
the best available scientific information and techniques.
Therefore, the analysis methods presented are designed
to change as newer, more refined methods are
developed. This module provides a framework for the
assessment of the physical, chemical, and biological
components of water quality based on several principal
assumptions.

A water quality module proposed in the State of
Washington (TFW [draft], 1995) described an initial set
of assumptions. These assumptions represent a valid
starting point and include the following:

e State and Federal water quality standards
(beneficial uses and the criteria to protect these
uses) embody key water quality concerns.

* Water quality parameters can vary significantly,
both in short-term time and in space.

» All land use activities, as well as natural processes,
can cause changes in water quality.

e The condition of a waterbody represents its
response to past and current watershed processes.
Current condition and historical changes are
indicators of the potential of the waterbody to be
influenced by watershed processes and land use
activities.
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Figure WQ-1: Water Quality Assessment -- The Context
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* Waterbodies differ in their functional
characteristics. These characteristics influence
the beneficial uses of a particular waterbody and
determine its vulnerability to changes in input
variables.

* Changes in water quality result from changes in
input variables (e.g., sediment, energy, water,
wood, chemicals) to each waterbody of concern.

* Important watershed-influencing waterbodies can
be identified, and current / historical conditions of
some parameters assessed using aerial
photography and remote sensing.

* Waterbodies differ in their likely changes in
functional characteristics resulting from
watershed processes and land use activities.

* Wetlands readily observed from aerial photos
should be part of the water quality assessment, to
the extent feasible. However, some wetlands
(e.g., small, isolated, forested wetlands, or
cedar/spruce riparian wetlands in U-shaped
valleys) are not readily identified using remote
sensing methods. Where these wetlands are
known to exist, they should be mapped and
included in the assessment.

Information Resources (for all levels)

Water quality is best described in the context of how
it affects a beneficial use. Identifying specific
resource concerns (e.g., coho salmon) and affected
uses (e.g., loss of rearing habitat) allows a focused
analytical framework to be developedrelative to water
quality concerns. Initial information requirements for
water quality assessment include topographic maps,
aerial photographs, and existing water quality data. In
developing information to address water quality /
beneficial use questions, procedures from other
modules could also prove useful. Potential sources of
information include:

Maps

* Topographic Maps

GIS hydrography layers

* Soil Survey Maps, Soil Descriptions, and Hydric
Soils List

* Land Use Maps

Aerial Photographs

* Most recent coverage (1:12,000 or better, if
available)

* Historic photos (if available)

* Color or false-color infrared photography for
locating wetlands (if available)

Water Quality Data and Other
Information

+ State Water Quality Management Agencies
* Local Tribal Water Quality Data

* U.S. Geological Survey Miscellaneous Water
Quality Data, National Water Quality Assessment
(NWQA) Data, and Flow Records

* Wetland inventories

* Other general sources including:
- Slope Class and Flood Plain Maps
- State resource catalogs
- Adjacent shoreline information

Level | Analysis

Characterization

The water quality assessment process begins by
addressing characteristics in the watershed that are
important to water quality. Characterization involves
describing the distribution of aquatic resources and
beneficial uses dependent on water quality in the
watershed. Characterization also involves identifying
which water quality parameters are critical to
assessing the condition of key beneficial uses in the
watershed.

Products

1. An aquatic resource identification map showing
streams, lakes, ponds, reservoirs, nearshore
marine waters, readily detectable wetlands, and
potential wetlands. Include locations of water
supply or water use facilities on the map.

2. A waterbody summary table containing
information such as subwatersheds, miles of
rivers and streams, number/acreage of lakes /
reservoirs / ponds, wetland acreage, and square
miles of estuarine / nearshore marine waters (if
applicable).
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Maps and tables identifying key beneficial uses
and land use activities.

Narrative description of stream channel and
wetland types (including a functional assessment
of each wetland or wetland/riparian complex).

Table of available data showing waterbodies
monitored, stations monitored, parameters
measured, period of record, QA assessment, and a
reference.

6. List of waterbodies included on State §303(d) list.

Procedures

L.

Aquatic Resource Identification and Mapping,

A key first step in assessing water quality is to
identify and map aquatic resources in the
watershed. The Northwest Forest Plan has
identified five categories of aquatic resources for
Federal lands which include:

* Fish-bearing streams.
* Permanently flowing, nonfish-bearing streams.

* Constructed ponds and reservoirs, and
wetlands greater than 1 acre.

» Lakes and natural ponds.

» Seasonally flowing or intermittent streams, and
wetlands less than 1 acre.

Identifying and mapping aquatic resources
involves a preliminary screening of topographic
maps to detect any obvious and/or previously
mapped water features. One approach to begin the
mapping exercise is to review the USGS
hydrography displayed at the 1:24,000 scale. GIS
is also a powerful tool to assist with aquatic
resource identification, but not essential at this
stage.

Beneficial Use/Applicable Standards Summary.

Consideration of State water quality standards,
both beneficial uses and criteria, represents a
general basis for describing water quality-related
1ssues. The success of developing a meaningful
water quality assessment, however, hinges on the
ability to move from general resource issues to
specific priority concerns for the watershed. A
logical starting point is to address simple
questions about key resources, such as what (i.e.,
key fish species), where (i.e., location of areas
within the watershed important to priority
resource concerns), and when (i.e., description of
timing considerations for priority resource
concerns).

A common starting point involves identifying the

distribution of specific beneficial uses in the

watershed. In general terms, resource concerns

dependent on water quality refer to key beneficial

??es such as water supply, recreation, and aquatic
ife.

Water quality should be described in the context
of how it affects a beneficial use. Identifying
specific resource concerns (e.g., coho salmon) and
affected uses (e.g., loss of rearing habitat) allows
a focused analytical framework to be developed.
The framework, relative to water quality
concerns, can help guide analysis activities.

Beneficial uses dependent on water quality are
generally assessed with a set of key indicators

which reflect conditions. Table WQ-1
summarizes key indicator/beneficial use
relationships.

Area Categorization.

When organizing water quality data for streams,
area categorization focused on the channel
network can be useful. Stream channels tie key
pieces of information together in the water
quality/beneficial use assessment process.
Different approaches can be used for
categorization of other types of waterbodies.

Existing Water Quality Data Inventory.

A fundamental step in the assessment process is
to inventory existing water quality data. This
inventory provides a perspective on water quality
data collection activities in the watershed. The
inventory should identify stations (by
subwatershed, if possible), parameters, frequency,
and objectives.

Level Il Analysis

Condition Assessment

The second level of analysis involves assessing
conditions of waterbodies and their associated water

quality parameters.

Existing data should be the

starting point to assess current water quality

conditions.

Review of scientific literature plus

professional experience are also used to identify
watershed situations (e.g., soils, vegetation, land use,
or flow) where adverse change to a water quality
parameter may occur.
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Table WQ-1: WQ Parameters / Beneficial Use Relationships

Aquatic Life
W:;er;g::\;:ty Water Supply Recreation Cold Water Warm Water Biological
Fish Fish Integrity
Flow
Peak Flows XX - XX
Low Flows EEEEEN XX XX --
Water Column

Temperature -- XX EEEEEN -- EEEEEN
Dissolved Oxygen XX XX EEEEEN EEEEEN EEEEEN
Nutrients XX XX -- -- XX
pH EEEEEE -- -- -- --
Toxic EEEEEN XX XX XX EEEEEN

Contaminants

Aquatic Organisms / Communities

EZS:}ESZK‘S EEEEEE EEEEEE --
Algae XX EEEEENR XX XX EEEEENR
Invertebrates -- EEEEEN EEEEEN EEEEEN
Fish EEEEEE EEEEEE
Sediment
Turbidity EEEEEE EEEEEE EEEEEE EEEEEE EEEEEE
Sedimentation EEEEEE XX EEEEEE XX EEEEEE
Bedload -- -- XX XX XX

Channel Characteristics

Width / depth XX XX XX
Pool metrics EEEEEN EEEEEN XX
Woody debris EEEEEN EEEEEN XX

Key: EEEEER
XX

<blank>

Use is directly related & highly sensitive to the parameter in almost all cases.
Use is closely related & somewhat sensitive to the parameter in most cases.
Use is indirectly related & not very sensitive to the parameter in most cases.
Use is largely unrelated to the parameter.
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Waterbodies identified on a State §303(d) list are
automatically considered in the assessment because
impairment of designated uses are known to have
occurred or will likely occur. The analysis may
validate or refine results of these determinations.

The condition assessment may be an iterative process
that requires repeated evaluation of information.
Follow-up analyses may be targeted for appropriate
monitoring techniques. Opportunities for additional
measurement may be seasonally influenced because
many water quality parameters are highly variable over
the course of a year.

Information Resources

Data identified for all levels plus results from the
Characterization phase of the assessment.

Products

Products from this phase of the water quality
assessment include the following:

1. Same products as Level I, but refined with
additional information.

2. A completed condition assessment for key
waterbodies or subwatersheds identified in the
Characterization phase. Data should be reported at
a scale commensurate with the scale of features and
processes within the watershed.

3. Map showing areas where beneficial uses
dependent of aquatic resources are fully supported,
partially supported, or not supported according to
the condition assessment.

Procedures

Procedures for Level 11 analysis are the same as Level
I with the following refinements:

1. Existing Water Quality Data Analysis.

The first step in water quality condition assessment
is to evaluate existing data. Availability of data
will vary by waterbody and by the relative
importance of beneficial uses in the drainage.
Extensive flow and chemical data may be available
if water supplies exist in the watershed. More
often, data may be limited or non-existent. If a
waterbody is on the State §303(d) list, then

impairment of designated uses has already been
established.

To assess how well water quality conditions
support beneficial uses in the watershed, it is
essential that relevant parameters be evaluated.
Existing information is used to describe the
characteristics (e.g., frequency, magnitude,
duration, seasonal patterns) of key indicators used
to assess conditions (Figure WQ-2). These
characteristics should be analyzed for spatial
differences or trends.

Figure WQ-2: Example WQ Data Summary
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In reviewing data from various parameter groups,
it is important to maintain linkages to beneficial
uses dependent on aquatic resources. Key pointsin
assessing water quality conditions relative to each
parameter group include:

Flow.

Indicators of flow conditions in the watershed are
a key part of assessing water quality. Flow
parameters are included in the water quality
assessment because of sensitivity to management
activities, the relationship to beneficial uses, and
general concern to the public. An increase in
summer low flows, for instance, generally can
reduce peak temperatures and increase available
fish habitat. The size of peak flows also have
important implications for the stability of stream
channel, size and quantity of bed material, and
sediment transport rates.
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» Water Column.

The physical properties and chemical constituents
of water traditionally have served as the primary
means for monitoring and evaluating water quality.
This is due both to their sensitivity to management
activities and the importance in aquatic
ecosystems.

* Aquatic Organisms.

Can be very useful in assessing water quality
conditions because they effectively integrate a
large number of habitat characteristics. If the
habitat requirements of a particular organism are
known, the presence of that organism can be used
to define conditions in that particular waterbody.

» Sediment.

Increased sediment loads are often the most
important adverse effect of land management
activities on aquatic resources. Large increases in
the amount of sediment delivered to stream
channels can greatly impair, or even eliminate, fish
habitat.

The physical effects of increased sediment loads
can also be significant. Fine sediment can impair
the use of water for municipal or agricultural
purposes. Indirect effects of increased sediment
loads may include increased stream temperatures
and decreased intergravel dissolved oxygen.

¢ Channel Condition.

It is generally recognized that characteristics of
physical habitat influence potential beneficial uses;
e.g., the density and survival of fish. Channel
morphology reflects, as well as integrates,
processes operating in the watershed because
eroded material is ultimately delivered to, and
routed through, the channel network. As a result,
channel type / condition provides a useful
framework for assessing water quality in watershed
analysis.

Coarse Screening for Potential Data Gaps.

Once actual water quality data has been reviewed,
the next step is to examine watershed conditions
that are reasonably likely to produce adverse water
quality conditions. The connection is based on
possible changes in watershed input variables
(sediment, water, energy, chemical, etc.) that affect

specific qualities of water. In conducting coarse
screening, two factors should be considered:

- Watershed processes and functions relevant to
the beneficial use

- Disturbance activities in the watershed

Level lll Analysis

Interpretation

Interpretation is the place to synthesize water quality
information in the context of watershed processes. In
interpretation, similarities, differences, and trends in
water quality conditions are explained. Interpretation
also involves identifying the capability of the system to
achieve water quality management objectives.

To accomplish this, the natural and human causes of
change between historical and current water quality
conditions are analyzed. Differences in the range,
frequency, and distribution of relevant historical,
current, and natural water quality conditions should be
explained. In addition, influences and relationships
between water quality and other ecosystem processes
in the watershed (e.g., mass wasting, fish habitat,
stream reach vulnerability) are evaluated. Data
gathered and analyzed from other modules (or technical
tools) should be quantitatively compared. Causal
mechanisms that best explain the differences and how
these factors affect the watershed's capability to
achieve water quality management objectives also
should be identified.

Information Resources
» Watershed characterization from Level 1.

» Data and descriptions from Level IL

Products

Products from the Level III water quality assessment
include the following:

» Description and explanation of key patterns and
trends in water quality, including waterbody
specific considerations.

select
which

e Written narrative on criteria used to
waterbodies for detailed assessment,
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waterbodies are naturally vulnerable, and some
description of cause / effect relationships.

* Discussion and display of the dominant processes
and causal mechanisms that explain the relationship
between current and historical conditions with the
issues and key questions.

* Discussion of major natural and human-related
changes in the system that have fundamentally
altered the capability to achieve desired conditions or
key management plan objectives.

* Description of the discrepancies between the current
resource conditions and relevant management
objectives.

* A prioritized list of monitoring / field surveys needs,
including those needed to verify remote sensing and
aerial photo information.

Procedures
1. Aquatic Resource Considerations.

Interpretation of water quality information depends
on the aquatic resource or water type. Water
quality assessment generally begins with streams,
followed by examination of any other receiving
waterbodies that may occur in the watershed (i.e.,
lakes, ponds, reservoirs, wetlands, and nearshore
marine/ estuarine waters). Sensitivity ofany given
parameter depends on the type of waterbody (Table
WQ-2).

2. Role of Source Inputs.

To fully interpret conditions, the role of source
inputs which affect water quality should be
evaluated. Here, the focus of the assessment shifts
to identifying the connections between the array of
water quality parameters and the associated input
variables (e.g., sediment, energy, and chemicals)
which can potentially be influenced by disturbance
activities.

As an example, stream temperature is the common
water quality indicator where potential connections
to multiple source inputs should be considered.
Characterization of stream temperature
traditionally focuses on riparian shading (or heat)
as a primary input. Although riparian shading may

be important, temperature problems also tend to
occur during low flow conditions. Consequently,
the role of water quantity (or lack thereof) in
contributing to temperature problems should be
considered. In addition, the analysis should also
consider the effect of channel changes due to
excessive sedimentation. This could also lead to
temperature problems as a result of wide, shallow
streams.

Asmentioned earlier, many of these input variables
(water, sediment, wood, etc.) are also considered in
other module reports or core topics.

Relationship to Watershed Processes.

Interpretation continues by putting water quality
conditions into the context of the relationship to
watershed processes.

As an example, assessment of water quality with
respect to sedimentation must rely on integrating
information from several other core topic areas.
Inputs which could affect fisheries and aquatic life
uses are the result of interactions between
vegetative, hydrologic, and erosion processes. The
channel network and condition provides
information on the conduits from sources, the
transport potential of the system, and areas where
responses would be observed. Finally, indicators
used to evaluate fish habitat are often the same
parameters utilized in water quality assessment.
Thus, determination of beneficial use support must
look at all pieces of the sediment picture.

Summary.

The key to addressing water quality issues in
watershed analysis is to describe, in a logical
manner, relevance to the resources dependent on
water quality. The analysis should logically link
the beneficial uses of greatest concern to key
indicators, processes of interest, disturbance
activities, restoration opportunities, and protection
needs. Figure WQ-2 is presented as an example
which could, based on interpretation, help guide
watershed activities relative to water quality issues.
Of particular interest are recommendations on
monitoring and restoration.
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Table WQ-2: Water Quality Parameters and Input Variables

Waterbody Type
Water Quality
Parameter Input Variable Lakes & Nearshore
Streams Wetlands Marine/
Ponds .
Estuarine
Water Column

Temperature Heat energy X X X
Dissolved Oxygen | Organic matter / Nutrients X X X
Nutrients Nitrogen / Phosphorus / X X X

Fine sediment
pH Acids / Bases X X X X
Toxic Organic & synthetic X X X X
Contaminants chemicals

Sediment

Turbidity Fine sediment X X X
Sedimentation Coarse & fine sediment X X X X

Bedload

Aquatic Organisms

Bacteria / Fecal coliform / E. coli X X X
Pathogens
Invertebrates Sediment

Toxic chemicals X X X X
Fish Heat energy

Sediment X X X

Toxic chemicals

Flow
Peak Flows Water yield X
Low Flows Water yield X
Channel Characteristics

Width / depth Sediment X
Pool metrics Sediment X
Woody debris Riparian inputs X
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Table WQ-3: WQ Parameters / Watershed Process Relationships

W;;er;g:ta;:ty Hydrology Erosion Vegetation
Flow
Peak Flows EEEEEN XXX
Low Flows EEEEEN XXX
Water Column
Temperature XXX XXX EEEEEN
Dissolved Oxygen XXX XXX
Nutrients XXX XXX
pH XXX
Toxic Contaminants XXX XXX
Aquatic Organisms
Bacteria / Pathogens XXX
Algae XXX XXX XXX
Invertebrates EEEEEN EEEEEN XXX
Fish EEEEEN EEEEEN EEEEEN
Sediment

Turbidity XXX EEEEEE
Sedimentation XXX EEEEEN XXX
Bedload XXX EEEEEE

Channel Characteristics
Width / depth XXX EEEEEE
Pool metrics XXX EEEEEN
Woody debris EEEEEN

Key: mmmmmm Parameter is directly related & highly sensitive to the watershed process.
XXX Parameter is closely
related & somewhat
sensitive to the
watershed process.
-- Parameter is indirectly related & not very sensitive to the watershed process.
<blank> Parameter is largely unrelated to the watershed process.
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Figure WQ-2: Example Summary of CWA Issues

Pebble Creek

WATERSHED AT A GLANCE:

Province:

Other
Major Communities: Duckville
Rainport

Willamette

Sub-basin: Mollala / Pudding
Watershed Size: 165 sq. miles
Land Ownership: Mt. Hood N.F. (38%)
BLM -- Salem (22%)

(40%)

ISSUES

RESOURCE CONCERNS:

AFFECTED USES:

KEY INDICATORS:

PROCESSES OF INTEREST:

DISTURBANCE ACTIVITIES:

RESTORATION

OPPORTUNITIES:

PROTECTION NEEDS:

Spring Chinook
Coho
Rainport Municipal W ater Supply

Loss of rearing habitat

Residual pool volume
W ater temperature

Mass wasting
Surface erosion
Riparian functions

Harvest on steep slopes
Fine sediment from roads & ditches
Harvest of riparian areas

Decommission roads 2341, 2863, 2976, 3026
Revegetate and stabilize lower toe slopes on Slimy Draw
roads

Re-establish side channels and create adjacent ponds on
mainstem and tributaries

Re-establish riparian vegetation at eight sites

Maintain full riparian reserves on all fish-bearing streams
Fully implement S&G's for maintenance of stream
crossings & road surface drainage structures
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Species and Habitats
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Habitat Assessment
for Terrestrial Plants
and Animals

Purpose

Level | techniqgues and methods can be used to
characterize the distribution and character of
habitats for terrestrial species of concern that are
important in the watershed (e.g., threatened or
endangered species, specia status species, species
emphasized in other plans). Levels |1 and Il
approaches can help assess current habitat
conditions and trends for the identified species of
concern.

Assumptions

1. Habitat for animals can be described in terms of
vegetation composition and structure and/or non-
vegetative structure such as cliffs, caves, talus,
etc.

2. Habitat for plants can be described in terms of
soils, geology, topography, sera stage, etc.

3. Amount, distribution, and pattern of habitat
effects occurrence of species.

Data Needs

1. Maps of historical, and future

vegetation.

current,

2.  Maps of “Specia Habitats.”

3. Habitat relationships information.

4.  Species occurrence/range maps or information.
5. Roadsand trails map (for some species).

6. Dataon coarse woody debris levels.

7. Soils map.

8. Geology map.

9. Topographic map.

Level |

Level | represents a qualitative characterization of
habitat capability in the watershed for species of
concern or interest.

Products

1. A map of areas within the watershed where
habitat for the species occurs.

2. A guditative narrative on habitat availability for
species of concern or interest including
discussion of general historical and future trends
in habitat. Discussion should include specia
habitat (e.g., wetlands, meadows, talus, etc.) and
specific habitat components (e.g., snag, down
logs, etc.).

Procedure

1. Determine those species that occur in the
watershed that are of concern or interest.

2. Collect and compile habitat relationship and
occurrence data for those species.

3. Create a map of where the habitats occur in the
watershed.

4, Colect any avalable information on historical
occurrence of habitat in the watershed.

5. Deermine the effect land allocations and
standards and guidelines from the NFP, or other
gpplicable plans, has on future habitat for the
Species.

6. Discuss current condition of habitat for the
species in the watershed and how habitat in the
watershed relates to habitat at the Province and
Regional scales.

7. Using information from steps 3-5, qudlitatively
discuss trends in habitat availability and quality
over time.

References

The following are sources of
information:

habitat relationship
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Management Recommendations for Washington’s
Priority Habitats and Species. Washington
Department of Wildlife. Olympia, WA.

Ruggiero, L.F. et d. 1991. Wildlife and vegetation of
unmanaged Douglas-fir forests. USDA Forest
Service. PNW Research Station. Portland, OR.
PNW-GTR-285.

Thomas, JW., tech. ed. 1979. Wildlife habitats in
managed forests, the Blue Mountains of Oregon
and Washington. USDA Forest Service. Pecific
NW Region. Ag. Handbook No. 553.

Level I

Level Il andysis is similar to Level |, but aso
includes a quantitative assessment of habitat
capability. The quantitative assessment may include
using existing habitat capability models for some
Species.

Products

1. A map of areas within the watershed where
habitat for the species occurs.

2. A quantitative summary of habitat availability for
species of concern or interest including an
assessment of historical and future trends in
habitat. Assessment should include specid
habitat (e.g., wetlands, meadow, talus, etc.) and
specific habitat components (e.g., shag, down
logs, etc.).

3.  Species-specific habitat capability indices.
Procedure

1. Determine those species that occur in the
watershed that are of concern or interest.

2. Collect and compile habitat relationship and

occurrence data for those species.

3. Create amap of where the habitats occur in the
watershed.

4. Quantitatively summarize historica habitats
using amap of historical vegetation.

5. Quantitatively summarize future habitats from a
map of future vegetation that incorporates the
effect of land dlocations and standards and
guidelines from the NFP, or other applicable
plans.

6. Run habitat capability models for species that
have avalable models. Modds exist for elk and
cavity nesting species. (See references below.)

7. Quantitatively summarize current condition of
habitat for the species in the watershed, and
qualitatively discuss how habitat in the
watershed relates to habitat at the Province and
Regional scales.

8. Using information from steps 3-5, quantitatively
summarize and discuss trends in habitat
availahility and quality over time.

Additional References

Marcot, Bruce. Snag Recruitment Simulator Model -
SRS2. USDA Forest Service, PNW Research
Station, Portland, OR.

Wisdom, Mike. et d. 1986. A model to evaluate elk
habitat in western Oregon. USDA Forest Service,
Pacific NW Region, Portland, OR. Pub No. R6-
F&WL-216-1986.

Level Il

Level Il andysis includes generdlized habitat
analyses for dl species potentially occurring in the
watershed with individual species andysis similar to
Level 11 for species of concern or interest in the
watershed. The generdized habitat analysis would
be used to help screen for species of concern based
on trends in habitat from historic, current, and
predicted future habitat capability.

Products

1. A map of habitat for groups or guilds of species,
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and species of interest or concern in the
watershed.

2. A quantitative summary of habitat availability for
groups or guilds of species and for species of
concern or interest including an assessment of
historicalk and future trends in habitat.
Assessment should include specia habitat (e.g.,
wetlands, meadow, talus, etc.) and specific
habitat components (e.g., snag, down logs, etc.).

3. Species-specific habitat capability indices.
Procedure

1. Collect and compile habitat relationship and
occurrence data for those species potentialy
occurring in the watershed. Computerized
databases are available, see references below.

2. Run group or guild level habitat relationships
model for the watershed or tier to results of the
model run at the basin or province scale. See
references for avalable habitat relationships
models. The model should be run for historic,
current, and projected future vegetation.

3. Determineif any groups or guilds of species are
of concern due to trends in habitat availability or
rarity of habitat.

4. Conduct species-specific habitat capability
analysis for those species of concern or interest.
Run habitat capability models for species that
have available models.

5. Quantitativdly summarize current condition of
habitat for the species in the watershed and
qualitatively discuss how habitat in the
watershed relates to habitat at the Province and
Regional scales.

6. Using information from steps 2-4, quantitatively
summarize and discuss trends in habitat
availability and quality over time.

Additional References
Databases

Manley, Pat and Davidson, Carlos. AVESBASE: A
conservation database for Cdifornia birds. USDA
Forest Service, Pacific SW Region, San Francisco,
CA.

Mt. Hood National Forest. Wildlife Habitat
Relationship - Life History Database. USDA
Forest Service, Gresham, OR. Contact Kim Mdlen
(503) 666-0670.

Models

Garman, Steve. Wildlife Habitat Modeling - Augusta
Creek Watershed. Computerized model. OSU
Forest Science Department, Corvallis, OR.

Méllen, Kim; Huff, Mark; and Hagestedt, Rich. 1994.
Spatia Analyss of Wildlife Habitat Relationships.
Computerized model. Mt. Hood National Forest,
Gresham, OR.

Mt. Baker-Snogualmie National Forest. Habitat
Condition module. Computerized model. USDA
Forest Service, Mountlake Terrace, WA. Contact
Charlie Vandemoer (206) 744-3426.
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Terrestrial
Population Viability

Purpose

Once the distribution and current habitat conditions and
trends for the species of concern are identified in the
analysis, the following methods and techniques can be
used to assess the causes of change between historical
and current species distribution to determine the
likelihood of species persistence, both within the
watershed and as part of alarger population.

Assumptions

Analyses of population viability must be conducted at

appropriate scales; i.e., it is not appropriate to andyze

viability of wide-ranging species within a site-specific

analysis. Therefore, analysis of viability at the scale of

a watershed assumes that either:

1. The species has a very localized distribution, and a
large portion of the species’ range is contained
within the watershed, or;

2. The analysis done within the watershed for awide-
ranging species can be placed within the
appropriate context and address the contribution of
the watershed to overall species viability.

Data Needs
(common to all levels and methods)

1. Existing vegetation map.

2. Species range map.

3. “Specia habitats” map.

4. Historical disturbance maps.
5. Potentia vegetation map.

6. Land alocation map.

7. Land ownership map.

8. Life history information.

9. Viability assessments from other efforts; i.e,

regional or provincia analyses.

Level |
Products

1. A map of areas within the watershed where the
speciesis likely distributed.

2.A map of aeas that likdy support species
movements (animals) or other dispersd (plants)
within the watershed and between this watershed
and surrounding areas.

3. A qualitative assessment of the likelihood of species
persistence within the watershed, contribution to
overall species persistence, and of the conditions
that significantly increase or decrease the likelihood
of persistence.

Procedure

1. Review life history information to determine: ()
habitats most likdy to support the species, and (b)
species characteristics that influence its vulnerability
to extinction threats. Extinction threats could be
classified as follows:

« Demographic
- Random variation in birth and death rates

* Genetic
- Inbreeding depression and genetic drift

¢ Environmenta
- Loss of habitat
- Systematic chronic effects
- Random catastrophic events
- Biological interactions
- Pollutants, toxicants

2. Overlay species range map, existing vegetation
map, and “special habitats’ map to determine: (a)
potential species distribution within the watershed,
(b) areas where the species is most likely to occur
based on current habitat conditions, (c) areas of
possible connection with other watersheds, and (d)
areas where habitat for the species could potentialy
be restored. Produce a map of these areas.

3. Based on the areas mapped in step 2 above, and
available information on species density, provide a
crude estimate of possible population levels in the
watershed.
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4, Use historical disturbance maps and information to
assess likdly historical variation in species habitat
within the watershed.

5. Overlay land dlocation and land ownership maps
on the areas mapped in step 2 above to determine
possible effects of management on habitat for the
Species.

6. Based on the above
gualitative assessments of :

information, provide

» The importance of the watershed in providing
for species persistence.

» Primary factors that could place the species at

risk within the watershed and in surrounding
watersheds.

» Areas within the watershed that are key to
Species persistence.

» Possible effects of management on the species,
both positive and negative.

* An overdl assessment of the likelihood of
species persistence within the watershed.

Level Il

Additional Data Needs for Level Il
Analysis

1. Species occurrence map and survey data.

2. Habitat relationships information.

Products

1. Same products as Leve |, but refined with

additiona information.

2. A quantitative assessment of the capability of
habitats within the watershed to support the
Species.

Procedure

Procedures for Level |l andysis are the same as
Level | with the following refinements:

1. In step 2 of Level | analysis, use species
occurrence map and survey data to refine the

assessment of species distribution pattern and
habitat use within the watershed.

2. In step 3 of Level | analysis, use habitat
relationships models and information to improve
the estimate of population size that could be
supported within the watershed.

Level Il

Additional Data Needs for Level Il
Analysis

1. Loca habitat use information.

2. Population information, including trends.

Products

Level Il analysis will generate the same products as
Level Il analysis, and, in addition, will provide a
projection of likely population trend over time.

Procedure

1. Utilize local habitat use information to improve the
assessments done in steps 2, 3, and 4 of Level |
analysis.

2. Use demographic or density information to provide
an assessment of past population trends.

3. Use avalable population modeling techniques,
demographic information, and habitat information to
develop assessments of possible future trends in the
population. Models could be either nonspatial (e.g.,
VORTEX, Ramas/age) or spatial (e.g.,
Ramas/GIS).

4. Use information from step 3 to improve the overdl
assessment of the likelihood of species persistence
within the watershed.

References

Akcakaya, H.R. 1992. Population viability anaysis
and risk assessment. Pages 148-157 in Wildlife
2001: Populations. D.R. McCullough and R.H.
Barrett, eds. Elseverier Publishers, London.

Akcakaya, H.R. 1994. RAMASIGIS: Linking
Landscape Data With Population Viability Anayss
(version 1.0). Applied Biomathematics, Setauket,
New York.
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Boyce, M. 1992. Population viability analysis. Ann.
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Ferson, S. and Akcakaya, H.R. 1990. Modeling
fluctuations in age-structured populations:
RAMAS/age user manual. Applied
Biomathematics, Setauket, New Y ork.

Lacey, R.C., Hughes, KA, and Kreeger, T.J. 1994.
Vortex users manual, second edition for version 6.
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conservation. Cambridge University Press,
Cambridge. 189p.
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Physical Stream
Habitat

Purpose

The fdlowing methods and techniques provide a
conggtent framework to characterize and evauatethe
current condition, digtribution, and connectivity of key
physcad stream habitat features in the watershed.
Reference conditions are developed and compared
with current conditions. Ecologica processes and
humanactivitiesresponsible for observed differences
are explaned and management opportunities
identified.

Assumptions

1. The evauation methods and techniques are
limited in scope to physica habitat variables for
which utility has been demondtrated in assessing
the effects of land management (MacDondd,
Smart, and Wissmar, 1991) and are of known
importance in aguatic sysems (e.g., off-channd
habitat is important for overwintering juvenile
sdAmonids, induding coho salmon [Cederholm
and Scarlett 1982, Nicklesonet d. 1992, Swales
et a. 1990]).

2. These methods and techniques compare current
habitat conditions with reference conditions and
identify processes mogt likely responsible for the
observed differences. The processes identified
will subsequently need to be evauated usng
other methods and techniques as appropriate.
Depending uponidentified issues, key questions,
and the results of this Physcd Stream Habitat
evaudtion, additiond stream channel variables
(e.g., temperature, flow, bank stability) may dso
need to be evaluated.

3. Physcd habitat characteristics of other aguatic
gysdems (eg., wetlands, lakes, ponds, or
reservoirs) will be assessed using other methods
and techniques (e.g., those for water quality).

Data Needs

1. Mapped hydrography information that includes:

C Streams by class, induding nonfish-bearing and
intermittent streams

C Lakes and ponds
C Wetlands

C Resarvoirs (induding status of fish passage
fadilities)

. Reallts of stream reach classfication (Rosgen

1993, Montgomeryand Buffington1994) used to
dratify the watershedintoprocess-relevant reach

types.

. Stream inventory data (e.g., Level 1l Stream

Inventories, Forest Service, R-6).

. Higtoric photos, recent and historic aeria photos,

and orthophotos.

. Criteriafor judging the quality of physica stream

habitat, for example:
C Peterson, N.P.; Hendry, A.; Quinn, T.P. 1992,

C Washington Forest Practices Board. 1993.
(Watershed Analysis appendices, Table F-1.)

C RiparianManagement ObjectivesinPACFISH
(USDA, USDI. 1995).

Products

1. Characterizationof physcd habitat featuresat the

watershed scale. This should include an updated
hydrography map layer that identifies Sgnificant
watershed-scale physicd habitat festuressuchas:
C Migration routes

C Productive flats or "hot spots' for fish
production

C Refugia (e.g., cold-water springs)
C 100-year floodplains
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C Edtuaries

C Barriers to connectivity (e.g., dams, water
diversgons)

. Characterization of physica habitat features a a
reach scale. This includes current conditions for
the following festures, Stretified by reach type:

C Off-channel habitat/edge habitat

C Pools and quality

» Substrate

C Large wood

C Width:depth ratio

. Destription of reference conditions for

watershed-scale and reach-scale physica habitat
features,

. Discussion of how current conditions for these

festures compare to reference conditions,
incduding maps, and tabular presentations of
results. Discusson of how the didribution and
connectivity of these features compare to
reference conditions.

5. Discussonof possible processes that explain the

observed differences between current conditions
and reference conditions. Methods and
techniques to subsequently evauae these
processes are identified.

Procedures

1. Stratify streams by channd type, stream reach,

and/or subwatershed.

. Edablish exidting conditions for watershed-scae

and reach-scd e feature. Data collectionmethods
for most of these variables can be found instream
inventory handbooks of the Forest Service or
Bureau of Land Management (e.g., USDA.
1996. Stream Inventory Handbook, Level | &
[1). Additiona references are provided in the
following table:

Reach-Scale Features Representative Data Collection Methods
Off-Channd Habitat C Maps of Sde channels, backwater doughs,
oxbow lakes
Edge Habitat C Vaiancein bankfull widths
C Other indicators of channd complexity, including channdlization &
snuosity
Pools: Pool Qudity C Peterson, N.P.; Hendry, A.; Quinn, T.P. 1992.
C Washington Forest Practices Board. 1993.
C USDA. 1994.
C MacDonad, L.H.; Smart, AW.; Wissmar, R.C. 1991.
Pools. Pool Frequency C Bissoneta. 1982.
C Hawkinsetd. 1993.
Pools. Residud Pool Depthor | C  Lide, T.E. 1987.
Volume
Substrate: Surface Fines C Peterson, N.P.; Hendry, A.; Quinn, T.P. 1992.
C Washington Forest Practices Board. 1993.
C MacDonad, L.H.; Smart, A.W.; Wissmar, R.C. 1991.
Substrate: Cobble C MacDonad, L.H.; Smart, A.W.; Wissmar, R.C. 1991.
Embeddedness C Rhodes, J.J;; McCullough, D.A.; Espinosa, F. Al Jr. 1994,
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Reach-Scale Features Representative Data Collection M ethods

Sze

Substrate: Dominant Substrate | C - Washington Forest Practices Board. 1993.

Number and/or Volume of Large
Wood

Peterson, N.P.; Hendry, A.; Quinn, T.P. 1992.
Washington Forest Practices Board. 1993.

USDA. 1994.

MacDonad, L.H.; Smart, A.W.; Wissmar, R.C. 1991.
Robison, G.E. and Beschta, R.L. 1990.

Width: Depth Ratio

OO | OO

Peterson, N.P.; Hendry, A.; Quinn, T.P. 1992.

Washington Forest Practices Board. 1993.
USDA. 1994.

MacDondd, L.H.; Smart, A.W.; Wissmar, R.C. 1991.

3. Edimate reference conditions for watershed-
scale and reach-scale physica stream habitat
featuresfor the present dimatic period. The entire
scope of sysem behavior rddive to these
physca habitat stream features should be
addressed. Reference conditions should not be
defined only by the endpoints of a natural
variation range. Physica habitat conditions in
most streams, regardless of the degree of land
management impact, will fal into this very broad
range. To be of vdue in planning lad
management activities and retoration, reference
conditions for physcal habitat features should
a0 indudeinformationdescribing thefrequency,
durdtion, digribution, and areal extent of
conditions.

Higtorical stream inventories, agria photos, and
observations from relatively undisturbed
watersheds are among the best data sources for
deve oping reference conditions. For many of the
physca habitat features, quantitative datamay be
difficult to obtain. In such cases, professional
judgment that is systematic and well documented
by adecision-support systemsuchas a Bayesian
Bdief Network (Leeand Rieman, inprep. 1994)
may be advantageous.

Only those streams that are similar to each other
and to the stream of interest should be used in
establishing reference conditions for a particular
watershed andysis. Streams should be classified
according to geology, dimate, drainage pattern
and area, devation, etc., and information for
physca habitat variables extrapolated to
comparable systems. Ecoregion or subregion
dassfications should aso be used to help
develop reference conditions.

Reference conditions are not synonymous with
management objectives(e.g., PACH SH Riparian
Management Objectives) or diagnostic criteria
(e.g., Washington Forest PracticesBoard. 1993.
Standard methodology for conducting watershed
andyss. Board Manud Verson2.0. Watershed
Andyss appendices, Table F-1.). However,
these may be hdpful in establishing reference
conditions. Management objectives and
diagnodtic criteriaare sdldom specific to a basin
or watershed. Consequently, these may not be
auitable for use in a watershed unless refined
based on watershed-specific geologic,
geomorphic, and dimatic conditions.

The biologicd dgnificance of physica habitat
features should be understood and incorporated
into reference conditions. Although dl of the
physca habitat features identified in these
methods and techniques have relevance for
agudic species, some have been more strongly
linked to speci es-specific lifehistory requirements
thanothers. For example, fine sediment hasbeen
clearly demonstrated to reduce survivd to
emergence from sdmonid spawning redds
(Lotspeich and Everest 1981, Shirazi and Sam
1981, Tappel and Bjornn 1983, Chapman 1988,
Younget d. 1991). Thiseffect hasgenerdly been
attributed to trgpping devins within redds and
limitingdissolved intergravel oxygenflow (Bjornn
and Reiser 1988). The effect of a given leved of
certain 9ze class of fine sediment in spawning
areas seems badcdly independent of context,
whereas impacts on aguatic biota of increased
width:depth ratios may be more ambiguous and
influenced by other factors, suchas canopy cover
and flow.

4. Discusspossible processesmost likdy to explain
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differences between current conditions, reference
conditions, and observed trends. Identify methods
and techniques to subsequently evauate these
processes. A comparison of current conditions and
reference conditions for physca stream habitat
features should be considered only one step in a
watershed andyss. Once relationships between
chamnel conditions and processes have been
hypothesized, the next step is to apply other
methods and techniques for further evaluation.

5.

Identify linkages with upsope processes. While
these Phydi ca StreamHabitat eval uationmethods
focus on channd habitat festures, the
consequences of recent upslope land
management actions may not yet be visblein the
stream chamnel. To anticipate impacts and plan
accordingly, it may be necessary to expand the
scope of investigationbeyond the stream channd.
Evenif no problems with physica habitat features
may be apparent, it is fill essentia to examine
riparian and updope conditions and processes
respong ble for creetingand maintainingfunctiona
aquatic habitat. Thereis oftenatime-lagbetween
certain land management activities and channd
degradation(e.g., debris torrent-induced channel
effectsmay appear severa yearsfollowingtimber
harvest when diminished root strength triggers
mass wadting).

Egtablish management targets, opportunities,
and/or recommendations. The comparison of
current and reference conditions, adong with
knowledge of causal processes, may
subsequently be used to establish watershed-
goecific  management  targets, opportunities,
and/or recommendations. It is important to
recognize the difference between reference
conditions and management targets. The former
merely describessystembehavior, while the latter
incorporateunderstanding of ecosystem potential
generated by this description with that which is
necessary to meet applicable management
objectives on Federal lands. In some
circumstances, management targetsand reference
conditions may be identical. The more likdy
event is that management targets will be within
the scope of reference conditions, alowing
systems to exhibit characteristics necessary for
providing sufficient high-qudity habitat to sustain
aquatic ecosystems. Management opportunities
or recommendations can then be identified to
achieve the management targets, whichrepresent
a taloring of management plan objectives with
ecosystem capability.
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Aquatic Populations
and Viability

Purpose

Once the distribution and current habitat conditions
and trends for species of concern are identified in
waterhsed analysis, the following Level | methods
and techniques can be used to assess the status of
aguatic species within the watershed. For
anadromous and resident salmonids, Levels |l and
I11 methods and techniques can be used to estimate
species viahility within the watershed.

Assumptions

1. Anayses of species viability must be conducted
at appropriate scales. It may not be appropriate
to analyze viability of wide-ranging species
within analyses at the watershed or site scale.
Anaysis of viability at the watershed scale can
be of great importance when:

The species has a very localized distribution and a
large portion of the species range is contained
within the watershed, or

The andysis done within the watershed for a
wide-ranging species can be placed within the
appropriate context and address the contribution of
the watershed to overall species viability.

2. Existing data are adequate to accurately assess
the current and historical status and distribution
of aguatic species.

Data Needs

1. Information is needed regarding the current and
historical presence, distribution, and status of
aquatic species in the watershed. Sources of
such information include:

Resource Managers

State fish and wildlife agencies

Tribes

Regiona agencies such as Bonneville
Power Administration (BPA) and Northwest
Power Planning Council (NWPPC)

- Federal agencies such as National Marine
Fisheries Service (NMFS), U.S. Fish and
Wildlife (FWS), National Biologica Service
(NBS)

- State, regiond, national, and international
fisheries management organizations such as
the Pacific Salmon Commission (PSC) and the
Pecific States Marine Fisheries Management
Commission (PSMFC)

Research and literature
Surveys
2. Compile existing viability assessments from
other efforts; e.g., regional or provincia
analyses.
Level |

Products

1. Maps of species presence and distribution within
watershed.

N

Maps of life history use, by species, within
watershed.

3. Maps and text describing the status of species
within watershed.

4. Description of trends in abundance.
5. ldentification of T&E species or stocks.
6. Qualitative assessments of:

The importance of the watershed relative to
the range of species, including its
contribution to species persistence.

Primary factors that could place the species
at risk within the watershed and in

surrounding watersheds.

Areas within the watershed that are key to
Species persistence.

Possible effects of management on the
Species, both positive and negative.

An overall assessment of the likelihood of
species persistence within the watershed.
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Procedures

1

N

Review life history information to determine;
(a) habitats most likely to support the species

and (b) species characteristics that influence its

vulnerability to extinction threats. Extinction
threats could be classified as follows:

Demographic
- Random variation in birth and death rates

Genetic
- Inbreeding depression and genetic drift

Environmental

- Loss of habitat

- Systematic chronic effects
- Random catastrophic events
- Biologicd interactions

- Pollutants, toxicants

Overlay species range maps and existing habitat
maps to determine: (&) potential species
distribution within the watershed, (b) areas where
the speciesis most likely to occur based on
current habitat conditions, (c) areas of possible
connection with other watersheds, and (d) areas
where habitat for the species could potentially be
restored. Produce a map of these areas.

Based on the areas mapped in step 2, above, and
available information on species density, provide
arough estimate of possible population levelsin
the watershed. Describe the level of uncertainty
associated with the estimate, based on the quality
of available data

Use maps and information on historical
disturbance to assess likely historical variation in
species habitat within the watershed.

Overlay land allocation and land ownership maps
on the areas mapped in step 2, above, to
determine possible effects of management on
habitat for the species. Describe potential risks
to the species.

Based on the above information, provide
qualitative assessments of:

The importance of the watershed in providing
for species persistence.

Primary factors that could place the species at

risk within the watershed and in surrounding
watersheds.

Areas within the watershed that are key to
species persistence (rank areas according to

their importance to species persistence).

Possible effects of management on the
species, both positive and negative.

7. Using the results of the previous steps, provide
an overall assessment of the likelihood of
species persistence within the watershed.

Level ll

Additional Data Needs for Level || Analysis

1. Species occurrence map and survey data.

2. Habitat relationships information.

3. Dataregarding local species characteristics:

Spawning conditions

Incubation success

Early rearing and incubation survival
Habitat capacity for early rearing
Sub-adult survival

Adult surviva

Age of first maturity

Fecundity

Initial population size

Expected population size
Variation in first-year surviva
Variation in adult numbers

Catastrophic risk
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Products

1

Same products as Level |, but refined with
additional information for anadromous and
resident salmonids.

A quantitative assessment of the capability of
habitats within the watershed to support the
Species.

Procedures

Procedures for Level |l analysis are the same as
Level | with the following refinements:

1

Refine the assessment of species distribution
and habitat use within the watershed described
in step 2 of the Level | analysis using the
additional data described above (i.e., species
occurrence map and survey data).

Improve the estimate of population size that
could be supported within the watershed
described in step 3 of the Level | analysis using
data on loca population characteristics and
habitat relationship models.

Level Il

Procedures

A method for performing viability analysis for
resident and anadromous fish at the watershed or
greater scale is under development (Lee and
Riemen, unpublished). The processis currently
envisioned to contain five steps:

1.

2.

Define the scale of analysis, relevant species,
and ocal and regional populations of interest.

Complete the survey of local population
characteristics.

Complete quantitative analysis for each local
population of interest.

If desired, identify alternative hypotheses
concerning state of the system and rerun
analysis.

If regional analysisis required, complete
analyses for al local populations or for a
representative subsample of populations.

Complete qualitative analysis of risk for the
regional population.

References

Lee, Danny C. and Bruce E. Rieman. unpub.
Bayesian Viability Assessment Module
(BayVAM): A tool for assessing the population
viability of resident salmonids. USDA Forest
Service, Intermountain Research Station, Boise,
ID.
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Roads

Purpose

The following methods and techniques can be used to
characterize and assess roads, a mgjor human use in
the watershed. The resultant data can be used to
evauate the influences and relationships between
roads and other ecosystem processes and features in
the watershed. The contents of a road database to
support these analyses are shown in the accompanying
table.

Assumptions

1. Roading histories can be constructed from aeria
photographs.

2. Road information is essential for many of the other
modules.

Products

1. A map of the road network with maintenance
classes of roads identified.

2. A tabulation of road characteristics for each road
class or stratum.

3. A sries of maps showing the growth of the road
network through time.

Procedure

1. Gather as much data about the transportation
system as is available. Request information from
private landowners as well.

2. Often private road networks will need to be
mapped, using recent aeria photographs. Photos
can aso be used to map landings and skid trails. If
timeisavailable, it is ussful to map thisinformation
throughout the watershed. Otherwise, dratify the
watershed into areas having uniform road
character (this might be onthe basis of ownership,
age of developments, or topography) and map the
digribution of such features in representative
aress.

3. Vist sample lengths of various road types within
each draificationunit to characterize the roadsin
the unit. Note the following at each Ste:

C Drainage type (outdope, indope/ditch, ripped,
etc.).

C Distance to streams (e.g., within 200, 500, &
1000 feet).

C Whether road drainage reaches the stream.

C Character of the roadcut.

C Character of the road ditch.

C Cut and fill erodibility classes.

C Road surfacing material and extent of armoring.
C Length of flow along the bearing surface.

C Other characteristics that influence erosion rates
and sediment delivery to streams.

C Number, type, and condition of stream crossings.

C Road and fill area and condition in the proximity
of stream crossings.

. Many applications require information about the

ages of roads. Approximate ages can be
determined by comparing the road network on
sequential  aerial  photograph  sets.  Network
extension can be mapped comprehensively or can
be mapped in representative subareas.
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Need for

Data data Difficulty to obtain* What to doif you don't haveit/ can't get it Resour ces needed to obtain (time)

Route number routine L. n‘a Trivial if available.

Length routine- L. Existing info/ map/ GIS. Must have this. Trivial from aerial photos. If photos not on hand,

essentia may require 2-6 weeksto order and obtain photos.

Density (by routine- |L. Existing info/map/GIS. Calculate Trivial from information on watershed-

subwatershed) essential subwatershed area and road length.

L ocation routine- |L. Existing info/map/GIS. Must have this. Trivial from aerial photos or maps.

essential

Jurisdiction M L. Existing records or ownership Best guess based on ownership maps. Trivial from landownership records. Road
maps. management jurisdiction could require 2-5 days to

sort out in intensively roaded watersheds.

\Width of H L-M. Existing records or field Best guess based on existing records and field Requires 1-2 days to sample. Months for complete

travelway sampling correlated to use class. sampling. inventory (which would provide other data as

well).

Surface type H L. Existing records usualy Best guess based on use class and maintenance Requires 1-2 days to sample. Months for complete

(agoregete, include. Levd Info. inventory (which would provide other data as

native, paved, well).

etc.)

Maintenance L-M L. Existing records usualy Ignoreif not available. N/A

Level include.

Road grade M-H M-H . Not usually included in Make estimates based on field sampling, local Requires 1-2 days to sample. Months for complete
existing records. Tedious and knowledge and topo maps. inventory (which would provide other data as
inaccurate from topo maps. well).

Road M-H M. Not usually included in Bracket with sequential aerial photos. Correlate Requires 2-5 days, depending of the intensity of

construction / regular road records. Can be age- with age of other management features (such as roading.

reconstruction bracketed with sequential aerial timber cutting).

date(s) photos.

Traffic volume by M-H L. Occursin existing records Estimate based on local knowledge. Could require 1-2 days to develop good estimate.

lestimates must suffice.

season of use often. Simple to estimate based
(ADT) (H=>50, on local knowledge.
M=5-50, L=<5)
Surface drainage H M-H. Seldom included in Best guess based on interviews and field Requires 1-2 days to sample. Months for complete
type existing records. May be sampling, date of construction. inventory (which would provide other data as
common knowledge in many well).
| ocations.
Ditchline length H M-H. Based on surface drainage Best guess based on interviews and field Requires 1-2 days to sample. Months for complete
type (above). sampling, date of construction. inventory (which would provide other data as
well).
Ditchline H M-H. Based on surface drainage Best guess based on interviews and field Requires 1-2 days to sample. Months for complete
continuity with type (above) and proximity to sampling, date of construction, and road length inventory (which would provide other data as
channel system streams. within given distance of stream (based on map well).
and field sampling).
Slope class H L-H. GISsimplifies. Without GIS  [Make estimates based on review of topo maps. Trivial with GIS. 1-2 days without GIS.
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Need for

Data data Difficulty to obtain* What to doif you don't haveit/ can't get it Resour ces needed to obtain (time)
Cut and fill M-H L-H. Based on slope of land into Best guess based on estimates derived for slope Requires 1-2 days to sample. Months for complete
length and slope which roadway is built and local class. inventory (which would provide other data as
knowledge of design standards. well).
Rock types M-H L. Use bedrock geology maps Use the most detailed map available. Default to N/A
that exist for most areas. regional-scale mapsiif better maps are not
available.
Soil types M-H L. Soil maps exist for most Default to geology mapsif no detailed (order-3 or N/A
locations. Use most detailed better) maps are available.
maps available.
Landdide M-H L-M. If maps exi<t, flag length of Study aerial photographs and flag areas where 2-5 days for sampling. 1 day to 1 month to
hazards roads in landslide-prone terrain. roads seem to be involved in mass instability. develop good hazard map.
Erosional events
- landdlides H L-H. Use landslide maps or Derive from landslide maps, aerial photos, and/or 1 day to 2 months to conduct field inventory,
Imaintenance records may be mai ntenance records. depending on frequency and accessibility.
helpful in reconstructing
|andslide occurrence.
- surface H L-H. Must be sampled in the Use literature or previous sampling in similiar 2-5 days for sampling.
erosion of field. Maintenance records may terrain.
travelway, be helpful to target trouble spots.
cuts, & fills
- fluvia H L-H. Must be sampled in the Use literature or previous sampling in similar 2-5 days for sampling.
erosion of field. Maintenance records may terrain.
ditchline be helpful to target trouble spots.
Sediment H L-M. Develop from field Calculate road length within given distance of 2-5 days for sampling.
Delivery Factor sampling and maps. stream (based on map and field sampling), and

Stream crossings

assign SDF based on field sampling or estimates
based on local knowledge.

- location L. Based on map data or existing Find intersections of stream and road networks. About 2 crossings per hour for inventory and
field inventory. analysis. Crossing frequency is 1.5-6 per mile of

road.

- flow capacity H L-H. Requires culvert diameter, Make estimates based on existing analysis or age IAbout 2 crossings per hour for inventory and
road fill height, watershed area, of roads and prevailing design standards when analysis. Crossing frequency is 1.5-6 per mile of
and hydrologic parameters for roads were built. road.
peak flow prediction.

- diversion H H. Requires field work at each Make estimates based on other surveys with About 2 crossings per hour for inventory and

potential site. similar construction history, or plan to collect this analysis. Crossing frequency is 1.5-6 per mile of

during project analysis or as part of road
maihtenance inspections.

road.
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Data N%ee(tzlt;or Difficulty to obtain* What to doif you don't haveit/ can't get it Resour ces needed to obtain (time)
D —m
- consequence M-H Requires detailed field Make estimates based on aerial photo and field IAbout 2 crossings per hour for inventory and
of falure information including fill review of the effects of previous crossing failures. analysis. Crossing frequency is 1.5-6 per mile of
\volume, diversion potential road.
(above), channdl characteristics,
downstream uses.
Fish migration M-H Inventories exist in many Plan to get it. Use stream crossing and fish use Only crossings of fish-bearing streams required,
barriers locations. datato project possible trouble spotsto review in but analysis may be complex. 2 hours per
thefield. crossing.

* For agency-managed roads on public lands. Obtaining these data for other roads in the watershed will likely be more time consuming. There

are at least 4 categories of roads we must addressin most watersheds:

1. Those on the public land "transportation system"” for which basic data usually exist.

2. Those on public land, but not in the "system™ (temporary roads, mining roads, abandoned roads, etc.).

3. Those on public land, but managed by others (counties and private landowners).

4. Those in the watershed, but not on public lands.

Only roads in the first category generdly have good data to start with. Others may have little or no data (with exceptions) and we may not have
access to them. We should be able to collect data on al roads on public lands, though we may be starting from scratch and aerial photos for
uninventoried watersheds. For roads on private lands, cooperative agreements should be sought if preliminary analysis suggests that they may

be an important influence on watershed processes and beneficial uses.




Tribal Cultural
Resources

Purpose

The following techniques and methods provide
guidance on involving tribes in the identification
and analysis of cultural resource issues during al
sx steps of the watershed analysis process,
including:

1.

Characterizing tribal cultural issues in the

watershed.

Involving tribes in the identification and
prioritiziation of tribal cultural issues.

Obtaining and organizing information regarding
current and reference conditions of cultural
resources and uses; providing tools and
techniques for assessing cultural resources.

Explaining causal mechanisms which influence
cultural resources.

Consulting with  tribes to develop
recommendations for cultural resources,
including the identification of historic properties
eligible for the National Register.

Assumptions

1

Cultural resource issues will vary widely from
watershed to watershed and from tribe to tribe.

Tribes that have cultural resources within a
watershed will be fully involved in each step of
watershed analysis.

Data concerning cultural locations important to
the tribe(s) will be subject to confidentiaity and
data security desires of the tribe(s).

The watershed analysis team will include tribal
policy and technical representatives.

Data Needs

1

Tribal knowledge of cultural resources as
identified during tribal consultation process.

Existing basin, forest, or regional cultural
resource plans and assessments.

Site-specific cultural resource information and
assessments.

Identification of known or potential cultural
resources, including archeological sites, historic
structures, cultural landscapes, traditiondly
used areas, and other places of interest to
tribes.

Cultural resources identified during prior public
and tribal involvement.

Products

1.

A ligt of cultural resource issues addressed in
the watershed analysis.

. A list of key questions relevant to the issues.

A definition of cultural resources for the
purposes of the watershed analysis.

A list of cultura resource issues which were
deferred or not analyzed.

Map or description of cultural uses or potential
uses.

Description of trends in cultural uses.

Description of the relationships and interactions
between cultural uses and other eements of
the ecosystem including human uses, aquatic
and terrestrial resources, etc.

A prioritized list of recommendations regarding
cultural resources including restoration,
monitoring, research, and protection of
sensitive areas and resources.

Procedure

1.

Identify and consult with tribes with possible
cultural resources within a watershed. This
should occur during the planning stages of a
watershed anaysis. Tribal participation should
begin at the earliest phases of watershed
analysis. Since cultural resources are often a
sensitive issue, sufficient time must be alowed
for developing a cooperative strategy between
agencies and tribes.

Define key players within tribes and within
participating agencies, and establish a cultural
resources module working group.

Develop with the tribes a cooperative working
process for including tribes in watershed
analysis, and for respecting the need or desire
for confidentiality of cultura resource
information by the involved tribes.
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4. Jointly define cultural resources.

5. Jointly define key issues and questions
(Anaysis step 2). Identify cultural resource
components, as well as related biological,
physical, and socia ecosystem components.

6. Determine jointly with the tribes the types of
data available and how data will be used and
presented in light of concerns regarding data
confidentiality or security.

7. Characterize the current cultural resources
within the watershed.

8. Characterize the historic cultural resources.

9. ldentify the influences of other ecosystem
elements on the use and availability of cultural
resources.

10. Jointly  develop recommendations  for
maintaining, protecting, and restoring cultural
resources within the watershed.

Additional Comments

It is critical to identify and respect the needs of the
tribes when asking for ther involvement. This
includes identifying triba sendtivities regarding
data security and confidentiality.

This module largely describes a consultation
process with affected tribes regarding cultural
resources. It is important to begin this process as
early as possible to alow time for development of
jointly acceptable procedures for including cultural
resources in the analysis.

Integrate cultural resources as soon as possible
with other modules. Tribal cultural uses are tightly
linked with the condition and trends of other
ecosystem elements such as fisheries, water
quality, wildlife, recreation, vegetation, etc.

If watershed anadysis is considered a federal
undertaking, National Historic Preservation Act
(NHPA) definitions, procedures, and other legal
requirements apply.

Other legal authorities that may apply include:

» American Indian Religious Freedom Act.

» Archeological Resources Protection Act.

* Native American Graves Protection and
Repatriation Act.
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Recreation

In Development ...
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Commercial Uses

In Development ...
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Air Quality

Purpose

The following techniques and methods can be used to
characterize ar qudity in the watershed, including
levels of contaminants, sources, trends, and statutory
and regulatory boundaries. They can also be used to
determine the impacts of contaminants to the
watershed, as well as potential air quality impacts from
the watershed. Impacts may include effects on al
ecosystem components (i.e., biophysical and social).

Assumptions

Coordination with ar quality analyses at larger scales
than a watershed is generaly essential. Without
systematic, region-wide monitoring and data collection,
and interagency coordination, air quality analyses at
the watershed level will be difficult. Information that
may not be available now should be obtained for
subsequent watershed analyses.

Data Needs

1. Maps of nonattainment areas, PSD Class | Areas,
state-specified special air quality areas.

2. Database sources:

C Air Qudity Instrument dataz |IMPROVE,
National Atmospheric Deposition  Program
(NADP), TEOM, nephelometers, and ozone
monitors.

C Biomonitoring:  Lichens/mosses, invertebrates,
fungi, leaf tissue, tree cores, and forest health
monitoring program indicators.

C Water Quality Instrument data: Chemistry.

C State/EPA:  Atmospheric  Information Retrieval
System (AIRS), and Air Toxics.

C Sail: Chemistry and pH.

C Weather/Climate: FIRDAT, WIMS, National
Weather Service, and Western Regional Climate
Center.

3. Descriptions and anadlyses of the effects of
physiography on atmospheric stability, dispersion,
and pollutant transport.

Level |

Products

1. Maps of Class | airsheds, nonattainment areas, and
state-specified specia ar quality areas within or
nearby the watershed.

2. Status of ar quality in the watershed including
levels of contaminants, their sources, and trends, if
known.

3. Data gaps, monitoring needs, and coordination
needs between other administrative and regulatory
units, and coordination needs with other geographic
scales (e.g., province or regiona level).

Procedure

1. Gather information from relevant administrative
databases and planning documents. Contact
regiona offices as well as other landowners.
Collect existing Air Qudity Related Values
(AQRV), exigting emissions information, pollutant
concentrations, and biological indicator information.

2. Gather information on attainment status, Class |
areas, airsheds, and pollutant concentrations from
EPA, state, and local air pollution control agencies.
Useful  reference documents include State
Implementations Plans (See Reference 1) and
Smoke Management Plans (See Reference 2).

3. Develop a map of regulatory boundaries for the
watershed within a regional context. Include
nonattainment designations, Class | areas, state-
specified specia ar qudity areas. Include locations
of monitoring sites.

4. Using the information gathered from above, identify
the status of ar quality in the watershed including
the levels of contaminants and their sources and
trends, if known. Depending on pollutant and
transport, consider sources up to 150 miles away.
Use knowledge of the effects of physiography and
climate on dispersion. For example, carbon
monoxide has locdized impacts, but sulfur and
particulate matter can be transported long
distances. Contaminants of interest include: ozone,
nitrogen oxides, sulfur oxides, particulate matter,
volatile organic compounds and toxic metals.

Level Il Analysis
Products

1. To the extent it is possible, alist of existing known
or potentia ar qudity impacts to the watershed.
Effects of contaminants may include cumulative
impacts, effects on the status and trends of
ecosystem and forest health, and baseline
information related to health-based standards
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(NAAQS) and visibility impairment.

2. Totheextentitis possible, aligt of existing known
or potentia air quality impacts from the watershed.
Effects of contaminants may include cumulative
impacts, basdine data for general conformity
determinations, and baseline information related to
health-based standards (NAAQS) and visibility
impairment.

Procedure

1. If it is not possble to identify the levels of
contaminants, then identify data gaps and needs,
and prioritize data gathering.

2. Using exiding data, lis known or potentia ar
quality impacts to the watershed. Some impacts to
look for include (See References 5 and 6):

» Ozone/sulfur damage to indicator tree species
(e.g., leaf tissue).

« Effects on timber volume or quality.

* Absence or effects on sensitive lichens, mosses,
fungi (See References 3 and 4).

* Insect or pathogen infestations.

 Tree ring data showing effects on growth.

» Water Quality: changes in pH, chemistry and acid
neutralizing capacity of rainfal, lakes, streams,
and snow packs (See Reference 7).

» Soil Qudity: changes in cation exchange capacity
or pH.

» Changes in amphibian health/populations.

e Changes in microbes, zooplankton, and algae
(See Reference 7).

* Smoke intrusions into human population areas.

* Impacts on human visitors and aesthetics.

e Impacts from visitor activities, such as
transportation and camp fires.
e Impacts from agency activities, including

transportation and construction.
3. Using existing data, liss known or potentia ar
quality impacts from the watershed. Some impacts
to look for include:

 Impacts on NAAQS concentrations.

» Smoke intrusions into human populations.
* Impacts on regiona visihility.

» Impacts of emissions from federal permittees on
neighboring areas (e.g., sulfur from energy
development).

References

State Implementation Plans (SIP) can be obtained
from Regional EPA or State air quality agency.

Smoke Management Plans, usually contained in an
SIP.
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Quality, USDA Forest Service, Rocky Mountain
Forest and Range Experiment Station, Generd
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Guiddines for Evaluating Air Pollution Impacts on
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